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A b stra ct

SOCIAL AND BIOLOGICAL CORRELATES OP BEHAVIORAL DEVELOPMENT 

IN THE ANT NOVOMESSOR ALBISETOSUS (MAYR)

P h i l i p  McDonald 

A d v i s e r :  P r o f e s s o r  Howard T o p o f f

I n  P a r t  I ,  t e m p o r a l  p o l y e t h i s m ,  t h e  d i v i s i o n  o f  l a b o r  

a c c o r d i n g  t o  a g e ,  i s  u s e d  a s  a gauge  f o r  b e h a v i o r a l  d e v e l ­

opment i n  a n  a n t .  By rem oving  v a r i o u s  age  g r o u p s  from t h e

c o lo n y  and c h a n g in g  t h e  number and c o m p o s i t i o n  o f  b ro o d ,

i t  was found  t h a t  b e h a v i o r a l  d ev e lo pm en t  c o u ld  be a c c e l e r ­

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

w o r k e r s  were  removed,  young w o r k e r s  p r o g r e s s e d  t h r o u g h  age 

r e l a t e d  t a s k s  i n  one t h i r d  o f  t h e  b a s e l i n e  t i m e .  Removal 

o f  young w o r k e r s  c au se d  o l d e r  w o r k e r s ,  w h ich  had  n o t  been  

o b s e r v e d  t o u c h i n g  queen  o r  b ro o d  f o r  4—6 m onths ,  t o  once 

more t e n d  b roo d  and q u e en .  I t  i s  h y p o t h e s i z e d  t h a t  t h e r e  

a r e  two t y p e s  o f  s t i m u l i  coming from t h e  l a r v a e  w h ich  a f ­

f e c t  b e h a v i o r a l  d e v e lo p m e n t .  L a r v a l  and e c l o s i o n  s t i m u ­

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

z a t i o n  o f  t h e  c o lo n y .  P a r t  I I  i s  a  s t u d y  o f  t h e  d e v e l o p ­

ment o f  p r o t e a n  b e h a v i o r  a g a i n s t  army a n t s  by l a b o r a t o r y



V

and f i e l d  c o l o n i e s .  P r o t e a n  b e h a v i o r  i n c l u d e s  e s c a p e  w i t h  

o r  w i t h o u t  b r o o d ,  and a g g r e s s i v e  d e f e n s e .  A l l  p r o t e a n  b e ­

h a v i o r s  d e v e lo p e d  i n  a n t s  r a i s e d  i n  i s o l a t i o n .  However, 

e v id e n c e  i s  p r e s e n t e d  s u g g e s t i n g  t h a t  e x p e r i e n c e  w i t h  army 

a n t s  can  a l t e r  t h e  c o u r s e  o f  t h i s  d e v e lo p m e n t .  P a r t  I I I  

d e a l s  w i t h  t h e  d eve lopm en t  o f  o v a r i e s ,  t r a i l  pheromone, 

and  e x o s k e l e t o n  h a r d n e s s  i n  w o r k e r s  o f  s e l e c t e d  a g e s .  I t  

was found  t h a t  c e r t a i n  s t a g e s  i n  t h e  deve lopm ent  o f  t h e s e  

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

B e h a v i o r a l  and s t r u c t u r a l  c han g es  a r e  c o n s i d e r e d  n o t  a s  

s e p a r a t e l y  o c c u r r i n g  phenomena,  b u t  a s  a  dynamic complex 

o f  d e v e lo p m e n ta l  p r o c e s s e s .
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G e n e r a l  I n t r o d u c t i o n  

The c a p a c i t y  o f  o r g a n i s m s  t o  change d u r i n g  o n t o g e n e s i s  

h a s  l o n g  b e en  o f  c e n t r a l  i n t e r e s t  t o  s t u d e n t s  o f  b e h a v i o r a l  

s c i e n c e .  The b e h a v i o r a l  e p i g e n e t i c i s t ' s  c h i e f  c o n c e r n  i s  

t h a t  o f  d ev e lo pm en t— t h e  p r o c e s s  o f  i n t e r a c t i o n  be tw ee n  t h e  

o rg a n i s m  and i t s  e n v i r o n m e n t ,  bo th ,  e x t e r n a l  and i n t e r n a l .

The deve lopm ent  o f  b e h a v i o r  h a s  two f u n d a m e n ta l  p ro b lem s :  

t h e  seq uen ce  o f  d e v e lo p m e n t ,  and  t h e  o r i g i n s  o f ,  o r  s t i m u l i  

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

o n to g e n y .

The e p i g e n e t i c  a p p r o a c h  t o  a n im a l  b e h a v i o r  was b e i n g  

p u r s u e d  (Kuo, 1967;  S c h n e i r l a ,  1971) w i t h o u t  much f a n f a r e  

d u r i n g  t h e  r i s e  o f  t h e  E u ro p ea n  e t h o l o g i s t s .  I t  was n o t  un­

t i l  t h e  1 9 6 0 ' s ,  however ,  when t h e  d i f f e r e n c e s  b e tw een  e t h o l ­

o g i s t s  and a n im a l  p s y c h o l o g i s t s  seemed i r r e c o n c i l a b l e ,  t h a t  

many a n im a l  b e h a v i o r i s t s  f rom t h e s e  d i s c i p l i n e s  and o t h e r s  

a d o p te d  b e h a v i o r a l  e p i g e n e s i s  a s  a  l o g i c a l  and e x p l a n a t o r y  

framework f o r  t h e i r  s t u d i e s .

An e p i g e n e t i c  a p p ro a c h  h o l d s  t h a t  a l l  r e s p o n s e  sy s tem s  
a r e  s y n t h e s i z e d  d u r i n g  o n to g en y  and t h a t  t h i s  s y n t h e s i s  
i n v o l v e s  t h e  i n t e g r a t i v e  i n f l u e n c e  o f  b o t h  i n t r a o r g a n i c  
p r o c e s s e s  and e x t r i n s i c  s t i m u l a t i v e  c o n d i t i o n s .  I t  con­
s i d e r s  gene e f f e c t s  t o  be c o n t i n g e n t  on e n v i r o n m e n t a l  
c o n d i t i o n s  and r e g a r d s  th e  g en o ty p e  a s  c a p a b le  o f  e n t e r ­
i n g  i n t o  d i f f e r e n t  c l a s s e s  o f  r e l a t i o n s h i p s  d ep en d in g  on 
t h e  p r e v a i l i n g  e n v i r o n m e n t a l  c o n t e x t .  I n  t h e  e p i g e n e t i ­
c i s t  ' s  v iew ,  t h e  e n v i ro n m en t  i s  n o t  b e n i g n l y  s u p p o r t i v e ,
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b u t  a c t i v e l y  i m p l i c a t e d  i n  d e t e r m i n i n g  t h e  v e r y  s t r u c t u r e  
and o r g a n i z a t i o n  o f  e a c h  r e s p o n s e  sy s tem  (M o l tz ,  1965, 
p .  4 4 ) .

When d e s i g n i n g  e x p e r i m e n t s ,  a  r e s e a r c h e r  may f i n d  a n  e p i ­

g e n e t i c  a p p ro a c h  t o  b e h a v i o r a l  deve lopm en t  u n w i e ld y .  I f  

o n e ' s  i n t e r e s t  f o c u s e s  on t h e  d e v e l o p i n g  p h y s i o l o g y  o r  s t r u c ­

t u r e  of. a n  o rg a n i s m ,  one must  n o t  f o r g e t  t h e i r  deve lopm ent  

may d i f f e r  i n  a n o t h e r  e n v i r o n m e n t .  ' S i m i l a r l y ,  i f  one i s  i n ­

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

i s m ' s  b e h a v i o r ,  one must  n o t  f o r g e t  t h a t  t h e s e  i n f l u e n c e s  

may have  d i f f e r e n t  e f f e c t s  a t  ' a n o t h e r  s t a g e  i n  t h e  o r g a n i s m ' s  

d e v e lo p m e n t .  I f  a t  t i m e s  we must  be somewhat r e d u c t i o n i s t i c  

i n  t h e  d e s i g n  o f  o u r  r e s e a r c h ,  we must n o t  l o s e  s i g h t  o f  t h e  

c o n c o m i t a n t  a s s u m p t io n s  made o r  t h a t  b e h a v i o r a l  o n to g e n y  i s  

a d y n a m i c a l ly  complex and c o n t i n u a l  i n t e r a c t i o n  be tw ee n  t h e  

d e v e l o p i n g  o rg a n is m  and i t s  e n v i r o n m e n t .  F o r  e ac h  s p e c i e s  

a complex p i c t u r e  o f  t h e  o n t o g e n e t i c  p r o c e s s  must  be a ssem ­

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

i o r a l  d e v e lo p m e n t .

Development o f  S o c i a l  B e h a v io r

Many o rg a n i s m s  a f t e r  b i r t h  o r  h a t c h i n g  a r e  i n t r o d u c e d  

n o t  o n ly  t o  a new p h y s i c a l  e n v i ro n m en t  b u t  t o  a s o c i a l  e n ­

v i ro n m e n t  a s  w e l l .  S o c i a l  r e g u l a t i o n  o f  b e h a v i o r a l  d e v e l ­

opment h a s  b e en  w e l l  documented i n  v e r t e b r a t e s .  F o r  exam-



p i e ,  i f  t h e  male  o f  a  male  d o m in a te d  harem o f  c l e a n e r  f i s h  

( L a h r o i d e s  d i m i d i a t u s )  d i e s ,  t h e  l a r g e s t  and  most dom inant  

f e m a le  t r a n s f o r m s ,  f i r s t  b e h a v i o r a l l y  and l a t e r  s t r u c t u r ­

a l l y ,  i n t o  a  male  ( R o b e r t s o n ,  1 9 7 2 ) .  M exican  j a y s  l i v e  i n  

s m a l l  f l o c k s  and do n o t  r e p r o d u c e  u n t i l  t h e i r  t h i r d  y e a r .  

A f t e r  a  p a i r  s u c c e s s f u l l y  m a t e s ,  im m ature  j a y s  and a d u l t s  

u n a b l e  t o  f i n d  m a te s  h e l p  b r i n g  food  t o  t h e  n e s t l i n g s  (Brown, 

1963 ,  1 9 7 2 ) .  The d om inan t  m ale  i n  a g e - g r a d e d  male  t r o o p s  o f  

p r i m a t e s  su c h  a s  v e r v e t s  and g o r i l l a s ,  may p r e v e n t  a d d i t i o n ­

a l  m a le s  f rom a ssu m in g  t h e  r o l e  o f  f u l l  a d u l t  ( E i s e n b e r g ,  

M u c kenh i rn ,  and R udran ,  1 9 7 2 ) .  I n  t h e i r  s u r r o g a t e - m o t h e r  

e x p e r i m e n t s ,  t h e  H ar low s (1962)  d e m o n s t r a t e d  t h a t  t h e  s o c i a l  

e x p e r i e n c e s  o f  young p r i m a t e s  a r e  c r i t i c a l  f o r  l a t e r  s o c i a l  

d e v e lo p m e n t .

By c o n t r a s t ,  s o c i a l  r e g u l a t i o n  o f  b e h a v i o r a l  d eve lop m en t  

i n  i n s e c t s  had  b e en  i g n o r e d  f o r  many y e a r s .  B e h a v i o r  was 

l a r g e l y  s e e n  a s  d e v e l o p i n g  a c c o r d i n g  t o  a r i g i d ,  g e n e t i c a l l y  

d e t e r m i n e d  p l a n ,  c h a i n e d  t o  b i o l o g i c a l  m a t u r a t i o n .  However, 

some s t u d i e s  c o r r e l a t i n g  b e h a v i o r a l  deve lo p m en t  w i t h  p h y s i o l ­

ogy have b een  done .  Temporal  d i v i s i o n  o f  l a b o r  i n  honey 

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

and wax g l a n d s  t h a t  o c c u r s  c o n c o m i t a n t l y  w i t h  t h e  w o rk e r  

b e e s '  p r o g r e s s  t h r o u g h  v a r i o u s  a g e - r e l a t e d  t a s k s  b o t h  w i t h i n



and o u t s i d e  t h e  n e s t  (K in g ,  1933)* F re e  (1965)  d e m o n s t r a t e d  

s o c i a l  r e g u l a t i o n  o f  p r o p o r t i o n s  o f  w o r k e r  b e e s  p e r f o r m i n g  

t a s k s  u n d e r  crowded c o n d i t i o n s ,  and L in d a u e r  (1961)  h as  

shown t h a t  t h e  rem o v a l  o f  y o u n g e r  age  g ro u p s  i s  c o r r e l a t e d  

w i t h  a r e g e n e r a t i o n  o f  wax g l a n d s  and h y p o p h a r y n g e a l  g l a n d s  

i n  o l d e r  w o r k e r s .  These  o l d e r  w o r k e r s  t h e n  recommence comb 

b u i l d i n g  and n u r s i n g  t h e  b r o o d .

S o c i a l  B e h a v i o r  and T em pora l  P o l v e th i s m

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

v i s i o n  o f  l a b o r  a c c o r d i n g  t o  a g e ,  seems t o  be common t o  most 

a n t s .  Temporal  p o l y e t h i s m  ( a l s o  c a l l e d  age p o l y e t h i s m )  h a s  

b e e n  o b s e r v e d  i n  a n t s  a t  l e a s t  s i n c e  t h e  t im e  o f  F o r e l  

( 1 8 7 4 / 1 9 2 0 ) .  He w r o te  o f  young w o r k e r s  s p e n d i n g  most  o f  

t h e i r  t im e  n u r s i n g  b r o o d  w i t h i n  t h e  n e s t ,  w h i l e  o l d e r  w o r k e r s  

were  engaged  more o f t e n  i n  work o u t s i d e  t h e  n e s t .  Documen­

t a t i o n  o f  t e m p o r a l  p o l y e t h i s m  h a s  b e en  p r o v i d e d  by a number 

o f  r e s e a r c h e r s  (Buckingham, 1911;  Heyde, 1924; Ledoux, 1950; 

O t t o ,  1958;  W eir ,  1958 a & b ;  D o brzanska ,  1 9 5 9 ) .

More r e c e n t l y ,  r e s e a r c h e r s  have  gone beyond d e s c r i b i n g  

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

f l u e n c i n g  t e m p o r a l  p o l y e t h i s m .  J a i s s o n  (1975)  h a s  demon­

s t r a t e d  a c r i t i c a l  p e r i o d  and p o s s i b l e  i m p r i n t i n g  i n  t h e  on­

t o g e n e s i s  o f  b ro o d  c a r e  i n  Form ica  p o l y c t e n a  F o r s t .  S o c i a l



m a n i p u l a t i o n s ,  su ch  a s  rem o v ing  a n  age  g ro u p  f rom a c o lo n y  

o f  Tapinoma e r r a t i c u m  L . ,  r e v e a l s  t h a t  t e m p o r a l  d i v i s i o n  o f  

l a b o r  c an  n o t  be a t t r i b u t e d  e n t i r e l y  t o  a g e - d e p e n d e n t  m a t u r -  

a t i o n a l  p r o c e s s e s  ( L e n o i r ,  1 9 7 9 ) .  O t h e r  age g r o u p s ,  w h i l e  

n o t  t o t a l l y  r e l i n q u i s h i n g  t h e i r  own l a b o r s ,  w i l l  t a k e  o v e r  

t h e  t a s k s  o f  t h e  m i s s i n g  age  group'.  The r o l e  o f  l e a r n i n g  

i n  t h e  d ev e lo pm en t  o f  b e h a v i o r s  o u t s i d e  t h e  n e s t  h a s  b e e n  ex­

p l o r e d  by R o se n g ren  (1 97 1 )  f o r  f o r a g i n g ,  and by D o b rz a n s k i  

(1 96 8 )  and C hauv in  (1974)  f o r  m a n i p u l a t i n g  l o a d s :  R o se n g ren  

showed t h a t  a n t s  were  c a p a b le  o f  l e a r n e d  o r i e n t a t i o n  t o  l a n d ­

m arks  when f o l l o w i n g  a  r o u t e ;  D o b r z a n s k i ,  u s i n g  marked and 

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

t i c e  i n  r e p a i r i n g  h o l e s  made i n  t h e i r  n e s t ;  C hauv in  demon­

s t r a t e d  t h a t  a n t s  may l e a r n  what o b j e c t s  c a n  o r  c a n n o t  be 

s u c c e s s f u l l y  moved.

The d i v i s i o n  o f  l a b o r  a c c o r d i n g  t o  age  i m p l i e s  t h e  ex ­

i s t e n c e  o f  t e m p o r a l  c a s t e s .  Temporal  c a s t e s  have  b e e n  d i f ­

f i c u l t  t o  d e f i n e  t o  t h e  s a t i s f a c t i o n  o f  a l l .  The one p r e ­

s e n t e d  h e r e  i s  t h e  w o rk in g  d e f i n i t i o n  f o r  t h i s  d i s s e r t a t i o n :

A t e m p o r a l  c a s t e  i s  an  age  g ro u p  d i s t i n g u i s h e d  by i t s  b e h a v ­

i o r ,  s p e c i f i c a l l y  one s p e c i a l i z i n g  i n  a p a r t i c u l a r  t a s k  o r  

c l u s t e r  o f  t a s k s .

W ilso n  (1976 a )  h a s  documented  a d i s c r e t i z e d  c a s t e  sy s te m



i n  P h e i d o l e  d e n t a t a . whereby  t h r e e  t e m p o r a l  c a s t e s  p e r f o r m  

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

o v e r l a p .  M irenda  and V in so n  (1981)  have found  a c o n t i n u o u s  

c a s t e  sy s te m  i n  c o l o n i e s  o f  S o l e n o p s i s  i n v i c t a ,  t h e  r e d  im­

p o r t e d  f i r e  a n t ;  C a l a b i ,  T r a n i e l l o ,  and W erner  (1984-) have  

fo u n d  t h e  same f o r  P h e i d o l e  h o r t e n s i s . I n  b o t h  t h e s e  l a s t  

t h e r e  i s  an  o v e r l a p  i n  t h e  f r e q u e n c y  d i s t r i b u t i o n  o f  age  

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

B o th  W i l so n  (1976 a )  and S e e l e y  (1982)  c l a i m  t h a t  s p a t i a l  

e f f i p i e n c y  i s  t h e  b a s i s  f o r  p e r f o r m i n g  c l u s t e r s  o f  t a s k s :  f o r  

e x am p le ,  e f f i c i e n c y  i s  en hanced  i f  a n  age  g rou p  w h ic h  grooms 

l a r v a e ,  r e g u r g i t a t e s  t o  them a s  w e l l .  S p a t i a l  f a c t o r s  c a n ­

n o t  be t h e  o n l y  c o n s i d e r a t i o n  how ever .  T o p o f f  (1972)  h a s  

shown t h a t  c a l l o w s  o f  army a n t s  o f  t h e  genus  Neivam.vrmex 

(1972  a )  and t h e  gen us  E c i t o n  (1972 b)  t e s t e d  u n d e r  t h e  same 

c o n d i t i o n s  a s  o l d e r  w o r k e r s ,  a r e  c a p a b l e  o f  f o l l o w i n g  s c e n t  

t r a i l s  b u t  a r e  r e l u c t a n t  t o  do s o ,  Heyde (1924-) found  t h a t  

c a l l o w s  o f  Manica r u b i d a  a r e  a b l e  t o  b i t e  b u t  do n o t  a c t i v e l y  

a t t a c k  a s  do o l d e r  w o r k e r s .  S i m i l a r l y ,  O t to  (1958)  f o r  

F o rm ica  and W eir  (1958)  f o r  Myrmica fo un d  b e h a v i o r a l  a b i l i ­

t i e s  p r e s e n t  i n  c a l lo w s  t h a t  t h e y  were  n o t  i n c l i n e d  t o  u s e .  

Hence m o t i v a t i o n a l  a s  w e l l  a s  s p a t i a l  f a c t o r s  a r e  p e r t i n e n t  

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



R e g a r d l e s s  o f  t h e  p ro b lem s  i n  p r e c i s e l y  d e f i n i n g  t e m p o r a l  

c a s t e s ,  t h e  phenomenon o f  w o r k e r s  moving th r o u g h  v a r i o u s  

t a s k s  a s  t h e y  age do es  e x i s t .  W hether  we c a n  a l t e r  t h e  s e ­

quence  o f  b e h a v i o r a l  d e v e lo p m e n t ,  o r  w h e t h e r  c e r t a i n  n a t u r a l  

f a c t o r s  a l t e r  i t  f o r  some w o r k e r s ,  c an  o n l y  h e l p  u s  t o  un­

ders tan d  why t h e  p a t t e r n  i n v o l v e d  ■'occurs a s  o f t e n  a s  i t  d oes  

i n  so many w o r k e r s .  I n  t h e  f i r s t  p a r t  o f  t h i s  d i s s e r t a t i o n ,  

t e m p o r a l  p o l y e t h i s m  i s  u se d  a s  a  guage f o r  b e h a v i o r a l  d e v e l ­

opment i n  t h e  a r i d  l a n d  a n t  Novomessor a l b i s e t o s u s  (M a y r ) .

I n  t h e  secon d  p a r t ,  a  number o f  d e f e n s i v e  b e h a v i o r s  w h ich  

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

P a r t  I I I  t r e a t s  o f  some s t r u c t u r a l  d e v e lo p m e n ts  w h ic h  a r e  

c o n c o m i ta n t  w i t h ,  and p e rh a p s  i n f l u e n t i a l  i n ,  t e m p o r a l  p o l y ­

e t h i s m  a s  m a n i f e s t e d  by t h e  deve lopm en t  o f  b e h a v i o r s  t r e a t e d  

i n  P a r t s  I  and I I .



P a r t  I  

I n t r o d u c t i o n

N. a l b i s e t o s u s  I s  o f  t h e  m yrm ic ine  s u b f a m i l y  and i n h a b ­

i t s  a r i d  u p l a n d s  and m o u n t a i n s i d e s  ( 1 ,0 0 0  -  2 ,0 0 0  m) from 

s o u t h w e s t  T ex as ,  New Mexico,  and A r i z o n a  i n t o  n o r t h e r n  Mex­

i c o  (W h e e le r  and C r e i g h t o n ,  1934;  ' 'C re igh ton ,  1950, 1 9 5 5 ) .  

Though once c o n s i d e r e d  a h a r v e s t e r  a n t ,  i t  i s  a c t u a l l y  omni­

v o r o u s  and f o r a g e s  a c c o r d i n g  t o  s e a s o n a l  a v a i l a b i l i t y  o f  r e ­

s o u r c e s  (W h ee le r  and C r e i g h t o n ,  1934;  Chew, 1977;  W h i t f o r d ,  

D e p ree ,  and  Jo h n s o n ,  1 9 8 0 ) .  Slow and d e l i b e r a t e  i n  move­

m en t ,  i t  f o r a g e s  m o s t ly  d u r i n g  c o o l  n i g h t  t e m p e r a t u r e s ,  e a r l y  

m o r n in g s ,  and o v e r c a s t  d a y s .  While  o b v i o u s l y  f l o u r i s h i n g  i n  

t h e  a r i d  S o u th w e s t ,  i t  i s  n o t  w e l l  s u i t e d  a n a t o m i c a l l y  t o  

d e s e r t  l i f e  a s  a r e  o t h e r  x e r o p h i l o u s  s p e c i e s  (W hee le r  and 

C r e i g h t o n ,  1 9 3 4 ) :  F o r  exam ple ,  t h e  body and g u l a r  h a i r  o f  

d e s e r t  d w e l l i n g  Pogonomvrmex spp may s e r v e  t o  convey h e a t  

f rom  t h e  body and p r o t e c t  d e l i c a t e  m o u th p a r t s  from b low ing  

s a n d ,  r e s p e c t i v e l y .

N. a l b i s e t o s u s  i s ,  however ,  i d e a l l y  s u i t e d  t o  s t u d i e s  o f  

b e h a v i o r a l  d e v e lo p m e n t .  I t  e x h i b i t s  t e m p o r a l  p o l y e t h i s m ,  

c a n n o t  s t i n g ,  does  n o t  b i t e  h a r d ,  a d a p t s  r e a d i l y  t o  a r t i f i ­

c i a l  l a b o r a t o r y  n e s t s ,  and consumes a v a r i e t y  o f  e a s i l y  g o t ­

t e n  and e a s i l y  s t o r e d  f o o d s .  W i th in  a s h o r t  p e r i o d  one can



w i t n e s s  t h e  deve lopm en t  o f  t h e s e  r e l a t i v e l y  d o c i l e  c r e a t u r e s  

f rom  t h e  egg  t o  t h e  m a tu re  a d u l t  o r g a n i s m .

Though i t  d e s c r i b e s  some o f  t h e s e  c h a n g e s ,  t h i s  d i s s e r ­

t a t i o n  a ims t o  be more t h a n  j u s t  a d e s c r i p t i v e  s t u d y  abo u t  

c h a n g e s  i n  t h e  b e h a v i o r  o f  a n t s  m a t u r i n g  i n  t h e  c o lo n y  en­

v i r o n m e n t .  Q u e s t i o n s  a b o u t  t h e  c a u s e s  o f  b e h a v i o r  w h ich  i n ­

v o l v e  p r o c e s s e s  a c t i n g  d u r i n g  t h e  deve lopm en t  o f  e x p e r i m e n t ­

a l  i n d i v i d u a l s  can  be p a r t l y  answ ered  by v a r i o u s  s o c i a l  man­

i p u l a t i o n s :  f o r  i n s t a n c e ,  m a n i p u l a t i n g  b roo d  p r o p o r t i o n s ,  

age  g ro up  p r o p o r t i o n s ,  t h e  i n c l u s i o n  o r  e x c l u s i o n  o f  t h e  

q u e e n .  The i m p o r t a n t  q u e s t i o n ,  "What s o c i a l  f a c t o r  h a s  t h e  

g r e a t e s t  e f f e c t  on t h e  b e h a v i o r a l  deve lopm en t  o f  a w o r k e r ? " ,  

c a n  be answ ered  by t h e s e  m a n i p u l a t i o n s .  H e r e t o f o r e ,  r e ­

s e a r c h e r s  have had l i t t l e  c o n c e r n  f o r  t h e  p o s s i b i l i t y  t h a t  

s o c i a l  r e g u l a t i o n  i s  i n v o l v e d  i n  d e v e lo p m e n ta l  change  i n  

i n s e c t s .  T h is  p a r t  o f  t h e  d i s s e r t a t i o n  i s  aimed a t  d e t e r ­

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

ment o f  t h e  a r i d  l a n d  a n t ,  Novomessor a l b i s e t o s u s  (M ayr) .

G e n e r a l  Method

S u b j e c t s

C o lo n ie s  o f  EL. a l b i s e t o s u s  were  c o l l e c t e d  n e a r  P o r t a l ,  

A r iz o n a  (C o c h is e  County)  a t  an  e l e v a t i o n  o f  ab o u t  1 ,6 0 0  m, 

and m a i n t a i n e d  i n  t h e  l a b o r a t o r y  f o r  3 months p r i o r  to
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e x p e r i m e n t a t i o n .  The c o l o n i e s  w ere  c o l l e c t e d  by r e l e a s i n g  

h u n d r e d s  o f  army a n t s ,  Neivamyrmex n i g r e s c e n s . i n t o  t h e  

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

b e h a v i o r  w hereby  t h e  w o r k e r s  r u s h  o u t  o v e r  t h e  in c o m in g  army 

a n t s  w h i l e  c a r r y i n g  t h e  b ro o d  and queen  w i t h  them .  V i r t u a l ­

l y  t h e  e n t i r e  c o lo n y  c a n  t h e n  be c o l l e c t e d .  Numbers and  com­

p o s i t i o n s  o f  c a s t e s  and b ro o d  a r e  g i v e n  f o r  e a c h  e x p e r i m e n t .  

A p p a r a tu s

The L u c i t e  h o u s i n g  a p p a r a t u s  c o n s i s t e d  o f  t h r e e  t r a n s ­

p a r e n t  n e s t  bo x es  (15 cm d i a m e t e r  x 4- cm h i g h )  w i t h  d e n t a l  

s t o n e  s u b s t r a t e s ,  c o n n e c t e d  i n  a l i n e  by 13-mm d i a m e t e r  t u b ­

i n g s  to^>a f o r a g i n g  a r e n a  (61 cm x 61 cm x 3 0 .5  cm) c o n t a i n i n g  

f i n e - g r a i n e d  s a n d .  I n  o r d e r  t o  s i m u l a t e  e n v i r o n m e n t a l  f e a ­

t u r e s  o f  a  n a t u r a l  n e s t  t h a t  e n a b l e  a d u l t  a n t s  t o  r e g u l a t e  

b ro o d  d e v e lo p m e n t ,  a  h e a t i n g  pad was p l a c e d  u n d e r  t h e  n e s t  

box f a r t h e s t  from t h e  a r e n a ,  T h i s  box was k e p t  d r y  and on 

a c y c l e  o f  11 h r s  a t  32°C and 13 h r s  a t  room t e m p e r a t u r e  

(22-24-°C),  a  c o n d i t i o n  s i m u l a t i n g  t h o s e  chambers  o f  a n a t ­

u r a l  n e s t  n e a r e s t  t h e  s u n - h e a t e d  d e s e r t  s u r f a c e .  The c e n t e r  

box  was k e p t  a t  room t e m p e r a t u r e  and h u m i d i f i e d  by p e r i o d i c ­

a l l y  m o i s t e n i n g  t h e  d e n t a l  s t o n e ,  i n  o r d e r  t o  s i m u l a t e  

c ham bers  d e e p e r  i n  t h e  e a r t h .  The box n e a r e s t  t h e  a r e n a  was 

l e f t  d r y  and a t  am b ien t  t e m p e r a t u r e ,  a s  a t r a n s i t i o n a l  zone
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b e tw e e n  t h e  f i r s t  tw o .

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

was k e p t  u n d e r  c o n s t a n t  l i g h t .  An i n f r a r e d  beam c o u n t e r  

m o n i t o r i n g  a n t  t r a f f i c  b e tw e e n  t h e  n e s t  and f o r a g i n g  a r e n a  

r e v e a l e d  no s i g n i f i c a n t  d i f f e r e n c e  i n  t r a f f i c  a s  a  f u n c t i o n  

o f  t im e  o f  d a y .  '

E x p e r im e n t  1

P r o c e d u r e

B a s e l i n e . B a s e l i n e  d a t a  were  t a k e n  t o  d e t e r m i n e  how 

l o n g  i t  would t a k e  a  g ro up  o f  r e c e n t l y  e c l o s e d  c a l l o w s  t o  

p r o c e e d  t h r o u g h  a g e - r e l a t e d  t a s k s  w i t h i n  t h e  n e s t  and  e v en ­

t u a l l y  spend  a s  much t im e  o u t s i d e  t h e  n e s t  a s  m a tu r e  a d u l t  

w o r k e r s .  T w e n t y - f i v e  c a l l o w s  were  d a t e d  and i d e n t i f i e d  a s  

t h e y  e c l o s e d  by m ark in g  t h e i r  t h o r a c e s  and  g a s t e r s  w i t h  enam- 

a l  p a i n t s .  T w e n t y - f i v e  m a tu re  a d u l t  w o r k e r s  ( d e f i n e d  a s  

d a r k l y  p ig m en ted  a n t s  f o r a g i n g  a t  l e a s t  60 cm from t h e  n e s t  

e n t r a n c e  i n  t h e  f o r a g i n g  a r e n a )  had  b e e n  s i m i l a r l y  marked 

1 month p r e v i o u s l y .  They were  o f t e n  s e e n  f e e d i n g ,  d r i n k i n g ,  

f o r a g i n g ,  and d i g g i n g  i n  t h e  a r e n a .  T h e i r  a g e s  were  unknown 

b e c a u s e  Novomessor a r e  v i r t u a l l y  i n d i s t i n g u i s h a b l e  i n  c o l o r  

a f t e r  5 weeks o f  a g e .  However, t h o s e  marked a s  m a tu re  a -  

d u l t s  would have b een  a t  l e a s t  2 months  o l d  a t  t h e  b e g i n ­

n i n g  o f  t h e  e x p e r i m e n t .  (As b o t h  c a l l o w s  and o l d e r  w o r k e r s
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a r e  t e c h n i c a l l y  a d u l t s ,  m o r p h o l o g i c a l l y ,  I  r e f e r  t o  them 

a s  d o m e s t i c s  and o u t s i d e  w o r k e r s , r e s p e c t i v e l y .  B o th  t e r m s  

c o n n o te  d e v e l o p m e n t a l  and b e h a v i o r a l  d i s t i n c t i o n s ,  b e c a u s e  

c a l l o w s  t y p i c a l l y  engage  i n  d o m e s t i c  work and o l d e r  a d u l t s  

t y p i c a l l y  work o u t s i d e  t h e  n e s t . )  Marked a n t s  were  r e t u r n e d  

t o  t h a t  p a r t  o f  t h e  n e s t  o r  a r e n a  f ro m  w h ic h  t h e y  had b e en  

c o l l e c t e d .  The c o lo n y  c o n s i s t e d  o f  a b o u t  400 w o r k e r s  o f  

a l l  a g e s ,  2  egg  c l u s t e r s ,  95 l a r v a e ,  55 w h i t e  p u p a e ,  and 1  

q u e e n .  The p r o p o r t i o n s  o f  b ro o d  and w o r k e r s  r e f l e c t e d  t h e  

a c t u a l  numbers  i n  t h e  c o lo n y  a t  t h e  t im e  o b s e r v a t i o n s  b e ­

g a n .

Each o f  t h e  50 marked a n t s  was o b s e r v e d  f o r  5 min d a i l y .  

O u t s i d e  w o r k e r s  and d o m e s t i c s  were  o b s e r v e d  f o r  t im e  s p e n t  

i n  t h e  f o l l o w i n g  b e h a v i o r s  b o t h  i n s i d e  and o u t s i d e  t h e  n e s t :  

w a l k i n g ,  g room ing ,  f e e d i n g ,  d e b r i s  r e m o v a l ,  and i n a c t i v i t y .  

B ecause  foo d  ( a d - l i b  honey w a t e r ,  c r i c k e t s ,  mealworms, and 

c e r e a l )  and  w a t e r  were  p r o v i d e d  o n l y  i n  t h e  a r e n a ,  o b s e r v a ­

t i o n s  o f  t im e  s p e n t  f o r a g i n g  and d r i n k i n g  were c o n f i n e d  t o  

a n t s  o u t s i d e  t h e  n e s t .  O b s e r v a t i o n s  o f  t im e  s p e n t  i n  b e h av ­

i o r s  o c c u r r i n g  e x c l u s i v e l y  w i t h i n  t h e  n e s t  i n c l u d e d  t h o s e  

o f  t e n d i n g  t h e  b ro o d  and queen .

Marked o u t s i d e  w o r k e r s  and d o m e s t i c s  were o b s e r v e d  

e v e r y  day  u n t i l  s t a t i s t i c a l  a n a l y s i s  by jfc t e s t s  showed no
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s i g n i f i c a n t  d i f f e r e n c e s  b e tw ee n  t h e  two g ro u p s  i n  t im e  s p e n t  

i n s i d e  and o u t s i d e  t h e  n e s t .  I t  was f u r t h e r  r e q u i r e d  t h a t  

t h e  d o m e s t i c s ,  when i n s i d e  t h e  n e s t ,  have  l i t t l e  o r  no con­

t a c t  w i t h  t h e  b roo d  and queen ,  b e c a u s e  p i l o t  o b s e r v a t i o n s  

fo u n d  t h i s  t o  be t h e  b e h a v i o r  o f  o u t s i d e  w o r k e r s .  T h i s  r e ­

q u i r e m e n t  t o  some e x t e n t  would a s s u r e  t h a t  t h e  d o m e s t i c s  

w ere  n o t  i n  a  t r a n s i t i o n a l  p ha se  o f  deve lopm en t  and t h a t  

t h e i r  b e h a v i o r s  would be more s i m i l a r  t o  t h o s e  o f  t h e  b a s e ­

l i n e  o u t s i d e  w o r k e r s .  When t h e s e  c r i t e r i a  were  met f o r  a 

p e r i o d  o f  4  c o n s e c u t i v e  d a y s ,  t h e  b a s e l i n e  t im e  f o r  m a t u r a ­

t i o n  from e c l o s i o n  t o  o u t s i d e  w o r k e r  was c o n s i d e r e d  com­

p l e t e d .

O u t s i d e - w o r k e r  r e m o v a l . I n  o r d e r  t o  d e t e r m i n e  w h e t h e r  

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

t h e  d o m e s t i c s 1 b e h a v i o r a l  d e v e lo p m e n t ,  a l l  a n t s  were  r e ­

moved e x c e p t  t h e  queen ,  2 egg c l u s t e r s ,  9 5  l a r v a e ,  5 5  w h i t e  

p u p a e ,  3 0  d e e p l y  p igm en ted  pupae (u se d  f o r  marked c a l l o w s  

u po n  e c l o s i o n ,  t h e y  were  a l l  t h e  d a rk  pupae a v a i l a b l e ) ,  and 

3 o l d e r  c a l l o w s  to  h e l p  w i t h  t h e  e c l o s i o n  o f  t h e  f i r s t  few 

c a l l o w s .  The o l d e r  c a l lo w s  were removed a f t e r  3 new c a l lo w s  

were  s e e n  h e l p i n g  w i t h  e c l o s i o n ,  w i t h i n  5 days  i n t o  th e  man­

i p u l a t i o n  ( a l l  c a l l o w s  e c l o s e d  w i t h i n  5 d a y s ) .  The 30 

marked and d a t e d  c a l l o w s  were c o n s i d e r e d  t h e  d o m e s t i c  g ro u p .



14

O b s e r v a t i o n s  o f  t h e i r  b e h a v i o r s  and t h e  s t a t i s t i c a l  a n a l y s i s  

w e re  done t h e  same a s  i n  t h e  b a s e l i n e  c o n d i t i o n .  O b se rv a ­

t i o n s  were t e r m i n a t e d  when c a l l o w s  met t h e  c r i t e r i a  s e t  f o r  

b a s e l i n e  o u t s i d e  w o r k e r s .

R e s u l t s

B a s e l i n e . At t h e  end o f  b a s e l i n e  o b s e r v a t i o n s ,  t h e  work­

e r  p o p u l a t i o n  r o s e  t o  a p p r o x i m a t e l y  470 ,  and b ro o d  had i n ­

c r e a s e d  t o  a b o u t  120 l a r v a e ,  67 pu p ae ,  and 3 egg c l u s t e r s .

I  d e c i d e d  i t  b e s t  t o  n o t  k e ep  t h e  c o lo n y  c u l l e d  t o  i t s  o r i g ­

i n a l  num bers .  Any i n t r u s i o n  c a u se d  c o n s i d e r a b l e  d i s t u r ­

b a n ce ?  f u r t h e r ,  I  would have  had  no way o f  knowing what  age 

g r o u p s  were  c u l l e d .

Twenty o f  t h e  marked d o m e s t i c s  i n  b a s e l i n e  s u r v i v e d :  

t h e y  e v e n t u a l l y  e x h i b i t e d  b e h a v i o r s  n o t  s i g n i f i c a n t l y  d i f ­

f e r e n t  from t h o s e  o f  o u t s i d e  w o r k e r s .  The a v e r a g e  age f o r  

t h i s  g roup  was 6 8  days  ( r a n g e ,  51-82  d a y s ) .  At t h e  end o f  

t h i s  p e r i o d ,  t h e  d o m e s t i c s  were  s p e n d in g  5 5 . 5$  o f  t h e i r  t im e  

o u t s i d e  t h e  n e s t ,  compared w i t h  5 5 . 7$ f o r  t h e  o u t s i d e  work­

e r s  o v e r  t h e  6 8  days  o f  o b s e r v a t i o n .

F i g u r e  1 shows t h e  deve lopm ent  o f  t e n d i n g  b ro o d  and 

queen  f o r  a p p r o x i m a t e l y  5 day p e r i o d s  from t h e  t im e  o f  e c l o ­

s i o n  t o  t im e  o f  m e e t in g  o u t s i d e  w o rke r  c r i t e r i a .  Over t h e  

6 8  days  o f  o b s e r v a t i o n ,  c o n t a c t  w i t h  t h e  b ro o d  and queen
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F i g u r e  1 .  Time s p e n t  by d o m e s t i c s  t e n d i n g  t h e  b ro o d  

and  queen  i n  b a s e l i n e  and o u t s i d e - w o r k e r  rem o v a l  manipu­

l a t i o n .
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dro p p ed  from h i g h s  o f  5 2 .8 $  and 2 6 . 5 $ ,  r e s p e c t i v e l y ,  t o  0$ .  

O u t s i d e  w o r k e r s  d i d  n o t  c o n t a c t  t h e  b ro o d  o r  queen  d u r i n g  

t h i s  t i m e .  The o u tcom es  d e p i c t e d  i n  F i g u r e  1 r e p r e s e n t  two 

o f  t h e  c r i t e r i a  n e c e s s a r y  f o r  b e i n g  ju d g e d  o u t s i d e  w o r k e r s ;  

t h e  f i g u r e  a l s o  shows t h e  t e m p o r a l  s h i f t  f rom t h e  10^ t h r o u g h  

t h e  30^ day o f  t h e  d o m e s t i c s '  l i v e - s .  Whereas a l l  d o m e s t i c s  

t e n d e d  t h e  b r o o d ,  7 o f  t h e  20 d o m e s t i c s  were  n e v e r  o b s e r v e d

i n  c o n t a c t  w i t h  t h e  q u e e n .

F i g u r e  2A shows a s i g n i f i c a n t  d ro p  i n  f e e d i n g  i n  t h e  n e s t

by d o m e s t i c s  from a h i g h  o f  1 1 .4 $  d u r i n g  t h e  e a r l y  s t a g e s  o f

t h e i r  l i v e s -  t o  a low o f  l e s s  t h a n  1$  by t h e  t im e  t h e y  a r e  

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

t i o n  o f  a g e :  r  = - . 6 3 ,  p <  . 0 2 ) .  The low i s  w i t h i n  t h e  

r a n g e  o f  p e r c e n t a g e  o f  t im e  f e e d i n g  w i t h i n  t h e  n e s t  by o u t ­

s i d e  w o r k e r s .  As w i t h  t h e  o u t s i d e  w o r k e r s ,  much o f  t h e  dom­

e s t i c s '  f e e d i n g  a f t e r  t h e y  have  become o u t s i d e  w o r k e r s  t a k e s  

p l a c e  o u t s i d e  t h e  n e s t .

As t h e  d o m e s t i c s  m a tu re  and spend  l e s s  t im e  t e n d i n g  t h e  

b ro o d  and queen ,  t h e i r  t im e  s p e n t  i n  i n a c t i v i t y  s i g n i f i c a n t ­

l y  i n c r e a s e s  ( r  = - . 9 2 ,  p <  . 0 1 ) .  F i g u r e  2B shows t h a t ,  

w i t h  t h e  e x c e p t i o n  o f  t h e  f i r s t  s t a g e  o f  t h e  d o m e s t i c s '  

l i v e s  a f t e r  e c l o s i o n ,  t h e  p e r c e n t a g e  o f  t im e  i n a c t i v e  i n ­

c r e a s e s  from a p p r o x i m a t e l y  17$ t o  46$ .  The o u t s i d e  w o r k e r s
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F i g u r e  2 .  Time s p e n t  f e e d i n g  (A) and i n a c t i v e  (B) 

w i t h i n  t h e  n e s t  by b a s e l i n e  o u t s i d e  w o r k e r s  and  d o m e s t i c s ,  

and  by d o m e s t i c s  i n  t h e  o u t s i d e - w o r k e r  rem o v a l  m a n ip u la ­

t i o n .  ( F o r  b a s e l i n e  o u t s i d e  w o r k e r s ,  t h e  x - a x i s  s im p ly  

r e p r e s e n t s  d ay s  o f  o b s e r v a t i o n . )
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e x h i b i t e d  no such  t r e n d  i n  w i t h i n  n e s t  a c t i v i t y  o v e r  t h e  

same p e r i o d  o f  t i m e .  The a b r u p t  d e c r e a s e  i n  t h e  d o m e s t i c s '  

l e v e l  o f  i n a c t i v i t y  a s  t h e y  co m p le te  t h e  o u t s i d e  w o rk e r  c r i ­

t e r i a  i s  c o n c o m i ta n t  w i t h  an  i n c r e a s e  i n  d e b r i s  rem oval  by 

them n e a r  t h e  n e s t  e n t r a n c e ,  b u t  no s i g n i f i c a n t  c o r r e l a t i o n  

was found  b e tw een  t h e  two b e h a v i o r s  o v e r  t h e  6 8  d a y s  o f  ob­

s e r v a t i o n .

D e b r i s  rem o v a l  was t h e  one b e h a v i o r  t h a t  d i d  n o t  a p p ro a c h  

an  o u t s i d e - w o r k e r - l i k e  l e v e l  a s  t h e  d o m e s t i c s  a g e d .  S i g n i f ­

i c a n t l y  more t im e  was s p e n t  by d o m e s t i c s  i n  w i t h i n - n e s t  d e ­

b r i s  rem ova l  t h a n  by o u t s i d e  w o r k e r s  ( t  = 4 .8 9 , -  p <  . 0 1 ) .  

D e b r i s  rem ova l  i n c r e a s e d  from 1 . 4 $  o f  o b s e r v e d  t im e  t o  9*1$ 

t h r o u g h  t h e  o u t s i d e  w o r k e r  c r i t e r i a  p e r i o d .  There  was a 

s t r o n g  c o r r e l a t i o n  b e tw ee n  t im e  sp e n t  i n  d e b r i s  rem ova l  and 

a v e r a g e  age ( r  = .8 7 ,  p <. . 0 5 )  on t h e  p a r t  o f  t h e  d o m e s t i c s .  

F o r  t h e  o u t s i d e  w o r k e r s ,  no such  c o r r e l a t i o n  w i t h  t im e  ex­

i s t e d .  N e i t h e r  was t h e r e  a s i g n i f i c a n t  c o r r e l a t i o n  b e tw een  

t h e  amount o f  t im e  s p e n t  i n  d e b r i s  rem ova l  by d o m e s t i c s  and 

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

F u r t h e r ,  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  be tw een  t h e  a v ­

e r a g e  t im e  s p e n t  by d o m e s t i c s  and t h a t  s p e n t  by o u t s i d e  

w o r k e r s  i n  d e b r i s  r e m o v a l .  I n  an  e f f o r t  t o  f i n d  a b e h a v i o r  

on t h e  p a r t  o f  t h e  o u t s i d e  w o rk e r s  t h a t  m igh t  c o n t r i b u t e  t o
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i n c r e a s e d  d e b r i s  r em o va l  by d o m e s t i c s  and ,  a t  t h e  same t im e ,  

m ig h t  t a k e  away from t im e  a v a i l a b l e  f o r  o u t s i d e  w o r k e r s  t o  

m a i n t a i n  t h e  n e s t ,  a c o r r e l a t i o n  a n a l y s i s  was done on t h e  

d o m e s t i c s '  d e b r i s  rem ova l  a s  a  f u n c t i o n  o f  t im e  s p e n t  by 

o u t s i d e  w o r k e r s  f o r a g i n g .  No s i g n i f i c a n t  c o r r e l a t i o n  was 

f o u n d .  F u r t h e r ,  d u r i n g  t h e  4 - d a y  ' c r i t e r i a  p e r i o d ,  a t  t h e  

p eak  o f  d o m e s t i c  d e b r i s  r em o v a l ,  d o m e s t i c s  were a l s o  sp e n d ­

i n g  more t im e  f o r a g i n g  t h a n  t h e  o u t s i d e  w o r k e r s ,  3.696  t o  

I . 69S, r e s p e c t i v e l y .  None o f  t h e  d o m e s t i c s  had b een  o b s e r v e d  

f o r a g i n g  p r i o r  t o  t h e s e  l a s t  4  d a y s .

The r e m a i n d e r  o f  t h e  d o m e s t i c s '  t im e  a t  any  sample  p o i n t  

shown i n  t h e  f i g u r e s  was s p e n t  i n  g room ing ,  w a l k in g ,  and mov­

i n g  s lo w ly  a b o u t  t h e  n e s t  w h i l e  f e e l i n g  t h e  s u b s t r a t e  w i t h  

t h e  a n te n n a e  o r  w av in g  t h e  a n te n n a e  s lo w ly  i n  t h e  a i r .

O u t s i d e - w o r k e r  r e m o v a l . D om est ic s  o f  Nj. a l b i s e t o s u s  

d e v e l o p i n g  i n  t h e  a b se n c e  o f  o u t s i d e  w o r k e r s  e x h i b i t e d  o u t ­

s i d e  w o rk e r  b e h a v i o r  i n  19 days  ( r a n g e ,  14 -24  d a y s )  which  i s  

l e s s  t h a n  one t h i r d  o f  t h e  t im e  t h a t  d o m e s t i c s  i n  t h e  b a s e ­

l i n e  co lo n y  n e ed ed  t o  d e v e lo p  s i m i l a r  p a t t e r n s  o f  b e h a v i o r .  

T w e n ty - s ix  o f  t h e  t h i r t y  marked d o m e s t i c s  i n  t h i s  m a n ip u la ­

t i o n  s u r v i v e d .  C a l low s marked a s  d o m e s t i c s  e c l o s e d  from 

Day 1 t h r o u g h  Day 5 o f  t h e  e x p e r i m e n t .

F i g u r e  1 d e m o n s t r a t e s  s h a r p l y  a c c e l e r a t e d  b e h a v i o r a l
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d e v e lo pm en t  f o r  t h e s e  d o m e s t i c s  compared w i t h  b a s e l i n e  dom­

e s t i c s .  The f i n a l i t y  o f  t h e  b e h a v i o r a l  change  i n  F i g u r e  1 

was e v i d e n t  when no c o n t a c t  w i t h  t h e  b ro o d  was o b s e r v e d  f o r  

2 weeks a f t e r  t h e  c o m p l e t i o n  o f  t h i s  m a n i p u l a t i o n .  The low 

p e r c e n t a g e  o f  t im e  s p e n t  t e n d i n g  t h e  queen  i n  F i g u r e  1 c a n  

be a c c o u n t e d  f o r  by t h e  f a c t  t h a t  o n l y  3 o f  t h e  26 d o m e s t i c s  

w ere  e v e r  o b s e r v e d  h a v i n g  c o n t a c t  w i t h  h e r .

F i g u r e  2A d e m o n s t r a t e d  t h a t  l e s s  t im e  was s p e n t  f e e d i n g  

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

( t  = 4 . 6 ,  p <  . 0 1 ) .  S l i g h t l y  more t im e  was s p e n t  i n  f e e d i n g  

i n s i d e  t h e  n e s t  t h a n  was s e e n  f o r  b a s e l i n e  o u t s i d e  w o r k e r s  

2 . 3 $  compared w i t h  1 $ ;  t  = 2 . 5 8 ,  p <. . 0 5 ) .  No s i g n i f i c a n t  

a g e - r e l a t e d  t r e n d  was f o u n d ,  h o w ev er ,  and t h i s  con fo rm s  w i t h  

w i t h i n - n e s t  f e e d i n g  b e h a v i o r  o t  t h e  o u t s i d e  w o r k e r s .  F i g u r e  

2B shows t h e  same p a t t e r n  f o r  i n a c t i v i t y  w i t h i n  t h e  n e s t  

among t h e s e  d o m e s t i c s  a s  e x i s t e d  f o r  t h e  b a s e l i n e  d o m e s t i c s ,  

a l t h o u g h  n o t i c e a b l y  a c c e l e r a t e d  o v e r  19 d a y s .  S i m i l a r l y ,  

a s  f o r  b a s e l i n e  d o m e s t i c s ,  t h e r e  was a s i g n i f i c a n t  n e g a t i v e  

c o r r e l a t i o n  be tw een  i n a c t i v i t y  and t im e  s p e n t  on b roo d  and 

queen  ( r  = - . 8 , p <  . 0 5 ) .

E x p e r im e n t  2

P r o c e d u r e

Domestic  r e m o v a l . T h i s  e x p e r im e n t  was d e s i g n e d  t o  d e t e r -
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mine w h e t h e r  o u t s i d e  w o r k e r s  would r e v e r t  t o  d o m e s t i c - l i k e  

b e h a v i o r  ( e . g . ,  t e n d  b ro o d  and queen )  i n  t h e  a b s e n c e  o f  dom­

e s t i c s .  I n  a  second  c o lo n y  t h e  queen  was l e f t  a l o n e  i n  t h e  

n e s t  w i t h  95 l a r v a e  a n d  36 p u p a e .  Al l_ .a ;ge-groups were  r e ­

moved b u t  f o r  2 6  p r e v i o u s l y  marked o u t s i d e  w o r k e r s  w h ich  

w ere  r e t u r n e d  t o  t h e  a r e n a .  The o u t s i d e  w o r k e r s  r a n g e d  i n  

age  from 185 days  t o  an  e s t i m a t e d  210 d a y s .  The o l d e r  o u t ­

s i d e  w o r k e r s  had n o t  b e e n  o b s e r v e d  t e n d i n g  b ro o d  f o r  180 

d a y s  from t h e  t im e  t h e y  were  m arked ,  and t h e  y o u n g e s t  o u t ­

s i d e  w o r k e r s  had  n o t  b e e n  s e e n  on t h e  b ro o d  f o r  9 8  d a y s .  

O b s e r v a t i o n s  were c o n d u c te d  u n t i l  t h e  o u t s i d e  w o r k e r s  a v e r ­

a g ed  a t  l e a s t  a s  much t im e  a s  b a s e l i n e  d o m e s t i c s  i n s i d e  t h e  

n e s t  and t e n d i n g  b r o o d .

R e s u l t s

F i g u r e  3 d e m o n s t r a t e s  t h a t  r e v e r s i o n  t o  d o m e s t i c - l i k e  

b e h a v i o r  was im m edia te  f o r  t h e  26 o u t s i d e  w o r k e r s .  Whereas 

o u t s i d e  w o r k e r s  i n  t h e  b a s e l i n e  c o lo n y  shunned b ro o d  and 

queen  f o r  more t h a n  80 days  o f  o b s e r v a t i o n s ,  o u t s i d e  w o r k e r s  

i n  t h i s  m a n i p u l a t i o n  r e v e r t e d  t o  t e n d i n g  t h e  b ro o d  and queen  

i n  l e s s  t h a n  1 day .  They c o n t i n u e d  d o in g  so f o r  t h e  n e x t  

4- d a y s ,  sp e n d in g  9 2 .2 $  o f  t h e  o b s e r v e d  t im e  i n s i d e  t h e  n e s t .  

When compared w i t h  t im e  f o r  b a s e l i n e  o u t s i d e  w o r k e r s ,  t h i s  

p ro v ed  h i g h l y  s i g n i f i c a n t  ( t  = 4-2.52, p <  . 0 0 1 ) .



F i g u r e  3 .  E f f e c t  o f  d o m e s t i c  rem ova l  on o u t s i d e  

w o r k e r s .  ( O u t s i d e  w o r k e r s  r e v e r t  t o  c a r i n g  f o r  b ro o d  

and  q u e e n . )
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E x p e r im e n t  3

P r o c e d u r e

Queen-no b r o o d . I n  o r d e r  t o  d e t e r m i n e  t h e  r e l a t i v e  con ­

t r i b u t i o n s  o f  queen  and b ro o d  t o  t h e  a c c e l e r a t e d  b e h a v i o r a l  

deve lo p m en t  o f  d o m e s t i c s  i n  t h e  o u t s i d e - w o r k e r  rem o v a l  man­

i p u l a t i o n ,  3 0  d o m e s t i c s  were  marked  and d a t e d  a s  t h e y  

e c l o s e d ,  a n d  t h e y  were  l e f t  a l o n e  w i t h  t h e  qu een .  Eggs 

w ere  removed a s  t h e y  were  l a i d .

R e s u l t s

When t h e  d o m e s t i c s  were  l e f t  a l o n e  w i t h  t h e  qu een ,  and 

w i t h o u t  b ro o d  t o  t e n d ,  t h e i r  b e h a v i o r a l  d ev e lo p m e n t  was r e ­

t a r d e d .  F i g u r e  4  shows t h a t  l e v e l s  o f  f e e d i n g  and i n a c t i v ­

i t y  w i t h i n  t h e  n e s t  a r e  e l e v a t e d  compared w i t h  l e v e l s  i n  

b a s e l i n e  and t h e  o u t s i d e - w o r k e r  rem o v a l  m a n i p u l a t i o n  ( F i g ­

u r e s  2A and 2B, r e s p e c t i v e l y ) ,  and t h a t  t h e y  l a c k  t h e  no ­

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

S i m i l a r l y ,  d o m e s t i c s  i n  t h i s  c o n d i t i o n  s p e n t  a  l a r g e r  p o r ­

t i o n  o f  t h e i r  t im e  t e n d i n g  t h e  queen  t h a n  e i t h e r  o u t s i d e  

w o r k e r s  o r  d o m e s t i c s  d i d  i n  t h e  f i r s t  t h r e e  c o n d i t i o n s ,  and 

a l l  o f  t h e  28 s u r v i v i n g  d o m e s t i c s  t e n d e d  t h e  q u e e n .  How­

e v e r ,  t h e r e  i s  no p eak  i n  t e n d i n g  t h e  queen  a s  t h e r e  was 

f o r  b a s e l i n e  d o m e s t i c s  ( F i g u r e  1 ) .  F u r t h e r ,  o n ly  8  o f  t h e  

28 d o m e s t i c s  were e v e r  o b s e r v e d  o u t s i d e  t h e  n e s t ;  a s  a



F i g u r e  4-. R e t a r d e d  b e h a v i o r a l  deve lopm en t  o f  domes­

t i c s  i n  t h e  q u e e n - n o - b r o o d  m a n i p u l a t i o n .
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g r o u p ,  t h e  28 d o m e s t i c s  s p e n t  99*2$  o f  t h e i r  t im e  w i t h i n  

t h e  n e s t .

E x p e r im e n t  4-

P r o c e d u r e

O h e m i c o - l a r v a l  s t i m u l a t i o n . B ecause  l a r v a e  m ust  be f e d ,  

i t  i s  r e a s o n a b l e  t o  assume t h a t  t h e i r  n e ed  i s  communicated  

t o  t h e  w o r k e r s  and t h a t  t h i s  s t i m u l a t i o n ,  u n l i k e  t h e  p r e ­

se n c e  o f  t h e  queen  a l o n e ,  may e v e n t u a l l y  e l i c i t  f o r a g i n g  b e ­

h a v i o r  o u t s i d e  t h e  n e s t .  Ant l a r v a e  r e l e a s e  l i q u i d s  from 

t h e i r  m o u t h p a r t s  and h i n d g u t s  w h ic h  may communicate  t h e  con ­

d i t i o n  o f  t h e  l a r v a e  t o  t h e  w o r k e r s  (LeMasne, 1 9 5 3 ) ,  and 

t h e r e b y  a f f e c t  f o r a g i n g .  F re e  (1967)  fou n d  t h a t  t h e  s m e l l  

o f  b ro o d  a lo n e  i s  p a r t l y  r e s p o n s i b l e  f o r  honeybee  f o r a g e r s  

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

omone from t h e  l a r v a e ,  t h e  c e n t e r  n e s t  box o f  t h e  a p p a r a t u s  

was d i v i d e d  by two p a r a l l e l  s c r e e n s  a p p r o x i m a t e l y  7 mm 

a p a r t . The queen  and 50 l a r v a e  were  p l a c e d  on one s i d e  o f  

t h e  b a r r i e r ,  and 23 r e c e n t l y  e c l o s e d  d o m e s t i c s  were  p l a c e d  

on t h e  o t h e r  s i d e .  The d o m e s t i c s  c o u ld  n o t  t o u c h  t h e  l a r ­

v a e  a c r o s s  t h e  d u a l  b a r r i e r  b u t  c o u ld  r e c e i v e  o l f a c t o r y  

s t i m u l a t i o n  from them .  E very  6 days  t h r e e  mealworms and a 

d ro p  o f  honey w a t e r  were  p r o v i d e d ;  o l d  worms were  removed.  

Dead l a r v a e  were removed and r e p l a c e d  w i t h . l i v e  o n e s .
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Only t h e  d o m e s t i c s  had a c c e s s  t o  t h e  o t h e r  n e s t  b o x e s  and 

f o r a g i n g  a r e n a  w i t h  a d - l i b  w a t e r  and fo o d .

I n  o r d e r  t o  t e s t  f o r  c h e m o t a c t i l e  s t i m u l a t i o n  from t h e  

m a n d i b u l a r  r e g i o n  o f  t h e  l a r v a e ,  t h e  m id d le  n e s t  box was 

d i v i d e d  by a s i n g l e  f i n e - m e s h  s c r e e n  w h ich  c o u ld  be pene ­

t r a t e d  o n l y  be t h e  a n t e n n a e  o f  a g roup  o f  23  r e c e n t l y  

e c l o s e d ,  m arked,  and d a t e d  d o m e s t i c s .  T h i r t y  l a r v a e  were 

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

s c r e e n ,  and t h e  d o m e s t i c s  were  p l a c e d  on t h e  o t h e r  s i d e .  So 

t h a t  t h e  l a r v a e  c o u ld  be groomed, t h e y  were  r o t a t e d  e ac h  day 

t o  a  box o f  w o r k e r s ,  and 3 0  o t h e r  l a r v a e  to o k  t h e i r  p l a c e .  

L a rv ae  were s p a r s e l y  f e d  by p l a c i n g  two c u t  up mealworms i n  

t h e  box where t h e y  were groomed, e v e r y  t h i r d  d ay .  No queen  

was p r o v id e d  b e c a u se  she would move t h e  l a r v a e  from t h e  

s c r e e n .  The d o m e s t i c s  had a c c e s s  t o  t h e  n e s t  boxes  and f o r ­

a g i n g  a r e n a .

R e s u i t s

I n  t h i s  c o n d i t i o n ,  13 o f  t h e  20 s u r v i v i n g  d o m e s t i c s  were  

o b s e r v e d  o u t s i d e  t h e  n e s t .  As a  g ro u p ,  d o m e s t i c s  s p e n t  2 .1 $  

o f  t h e  o b s e r v a t i o n  t im e  o u t s i d e  t h e  n e s t ,  which  was s i g n i f ­

i c a n t l y  g r e a t e r  t h a n  t im e  s p e n t  o u t s i d e  i n  t h e  q u e e n -n o -  

b ro od  m a n i p u l a t i o n  ( t  = 2 .5 9 ,  p <  . 0 2 ) .  Thus o l f a c t o r y  con­

t a c t  w i t h  t h e  l a r v a e  had a g r e a t e r  e f f e c t  on t im e  sp e n t



o u t s i d e  t h e  n e s t  t h a n  d i d  p h y s i c a l  c o n t a c t  w i t h  t h e  queen 

a l o n e .  F i g u r e  5A shows t h a t  f o r  t h o s e  w i t h  o l f a c t o r y  con­

t a c t  o n l y ,  l e v e l s  o f  i n a c t i v i t y  and f e e d i n g  w i t h i n  t h e  n e s t  

were  e l e v a t e d  compared w i t h  b a s e l i n e  and t h e  l e v e l s  i n  t h e  

o u t s i d e - w o r k e r  rem ova l  m a n i p u l a t i o n  ( F i g u r e  2 ) .  When i n ­

a c t i v e ,  d o m e s t i c s  o f t e n  t e n d e d  t o  c l u s t e r  n e x t  t o  t h e  b a r ­

r i e r ,  a s  c l o s e  t o  t h e  queen  and l a r v a e  a s  p o s s i b l e .  Al­

t h o u g h  t h e  d o m e s t i c s  were  o b v i o u s l y  a t t r a c t e d  by t h e  p r e ­

se n c e  o f  t h e  l a r v a e ,  o l f a c t o r y  s t i m u l a t i o n  from t h e  l a r v a e  

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

ment o f  t h e  d o e m s t i c s  t o  t h e  p o i n t  a t  w h ich  t h e y  w i l l  spend 

most  o f  t h e i r  t im e  o u t s i d e  t h e  n e s t ,  a s  t h e y  d i d  i n  b a s e l i n e  

and  t h e  o u t s i d e - w o r k e r  rem ova l  m a n i p u l a t i o n .

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

c h e m o t a c t i l e  c o n d i t i o n  were  o b s e r v e d  f o r  o n ly  4-2 d a y s .  How­

e v e r  F i g u r e  5B shows l e v e l s  o f  f e e d i n g  and i n a c t i v i t y  w i t h ­

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

A ga in ,  t h e r e  were no s i g n i f i c a n t  a g e - r e l a t e d  t r e n d s .  E le v e n  

o f  t h e  tw e n ty  s u r v i v i n g  d o m e s t i c s  were o b s e rv e d  o u t s i d e  t h e  

n e s t ,  which  a c c o u n te d  f o r  2 .4 $  o f  a l l  o b s e r v e d  t im e  f o r  t h e  

g rou p  . T h is  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  from t im e  

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

g r e a t e r  t h a n  i n  t h e  q u e e n - n o - b r o o d  m a n i p u l a t i o n  ( t  = 3 . 3 6 ,
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F i g u r e  5 .  E l e v a t e d  l e v e l s  o f  i n a c t i v i t y  and f e e d i n g  

i n  t h e  n e s t  f o r  d o m e s t i c s  h a v i n g  o n ly  o l f a c t o r y  c o n t a c t  

w i t h  l a r v a e  (A) and c h e m o t a c t i l e  c o n t a c t  w i t h  a n t e r i o r  

p o r t i o n s  o f  l a r v a e  ( B ) .
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p <. . 0 1 ) .  A gain ,  c o n t a c t  w i t h  t h e  l a r v a e  a f f e c t s  t im e  s p e n t  

o u t s i d e  t h e  n e s t  t o  a  g r e a t e r  e x t e n t  t h a n  do es  c o n t a c t  w i t h  

t h e  queen  a l o n e .  The c a l l o w s  were  o b s e r v e d  t o u c h i n g  t h e  a n ­

t e r i o r  p o r t i o n s  o f  t h e  l a r v a e  t h r o u g h  t h e  s c r e e n ,  and on 

s i x  o c c a s s i o n s  fo od  was found  p l a c e d  a g a i n s t  t h e  b a r r i e r ,  

t h o u g h  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  f o r a g i n g  b e ­

tw e e n  t h e  two c o n d i t i o n s .

E x per im en t  5

P r o c e d u r e

E o l o s i o n  s t i m u l a t i o n . B ecause  t h e  b ro o d  had b e e n  a 

m i x t u r e  o f  l a r v a e  and pupae i n  b o t h  b a s e l i n e  and t h e  o u t -  

s i d e - w o r k e r  rem ova l  m a n i p u l a t i o n  and b e c a u s e  c a l l o w s  were- 

e c l o s i n g  from t h e s e  pupae  d u r i n g  t h o s e  c o n d i t i o n s ,  t h e  e f ­

f e c t  o f  e c l o s i o n  on t h e  b e h a v i o r a l  d ev e lo p m en t  o f  d o m e s t i c s  

had  t o  be s t u d i e d .  I n  o r d e r  t o  t e s t  f o r  a n  e c l o s i o n  s t i m ­

u l a t i o n ,  140 p ig m en ted  pupae o f  v a r i o u s  sh a d e s  were p l a c e d  

i n  t h e  c e n t r a l  n e s t  box w i t h  t h e  queen .  The f i r s t  24 c a l ­

lows t o  e c l o s e  were  d a t e d  and marked a s  d o m e s t i c s .  The e f ­

f e c t  on t h e s e  d o m e s t i c s  from t h e  e c l o s i o n  o f  t h e  r e m a in i n g  

pupae  was o b s e r v e d .

R e s u i t s

Of t h e  24 marked d o m e s t i c s ,  21 s u r v i v e d  i n  t h i s  c o n d i ­

t i o n ;  15 pupae d i e d .  When t h e  d o m e s t i c s  were  expo sed  to



t h e  e c l o s i o n  o f  more t h a n  1 0 0  pupae  o v e r  a 2 week p e r i o d ,  

t h e y  were  s t i m u l a t e d  t o  spend  a n  a v e r a g e  o f  1 5 . 7 $  o f  t h e i r  

t im e  o u t s i d e  t h e  n e s t  d u r i n g  t h e  6 weeks o f  o b s e r v a t i o n s .  

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

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

t  = 2 0 .0 2 ,  p <  .0 0 1 ;  c h e m o t a c t i l e ,  < t  = 2 0 . 5 9 ,  P . 0 0 1 ) .

A l l  o f  t h e  d o m e s t i c s  were  o b s e r v e d  o u t s i d e  t h e  n e s t .

Once b a s e l i n e  d o m e s t i c s  l e f t  t h e  n e s t ,  t h e y  s p e n t  a  s i g ­

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

d o m e s t i c s  i n  t h e  p r e s e n t  c o n d i t i o n  ( t  = 3 7 .4 8 ,  p <  . 0 0 1 ) .  

However,  a t  a  c o m parab le  a g e ,  b a s e l i n e  d o m e s t i c s  s p e n t  an  

a v e r a g e  o f  o n l y  0 . 8 $  o f  t h e i r  t im e  o u t s i d e  t h e  n e s t ,  c o n s i d ­

e r a b l y  l e s s  t h a n  t h e  1 5 .7 $  o f  t h e  e c l o s i o n - s t i m u l a t e d  dom­

e s t i c s .  A f t e r  t h e  peak  o f  e c l o s i o n  a c t i v i t y ,  d u r i n g  t h e  

f o u r t h  week o f  t h e i r  l i v e s ,  d o m e s t i c s  s p e n t  3 2 .1 $  o f  t h e i r  

t im e  o u t s i d e ,  b u t  t h i s  l e v e l  o f  a c t i v i t y  was n o t  s u s t a i n e d  

d u r i n g  t h e  r e m a in d e r  o f  t h e  c o n d i t i o n .  A l th o u g h  f e e d i n g  and 

i n a c t i v i t y  w i t h i n  t h e  n e s t  were  s i g n i f i c a n t l y  e l e v a t e d  above 

t h e  l e v e l s  o f  b a s e l i n e  d o m e s t i c s  ( t  = 2 . 0 7 ,  p <  .05 and 

t  = 8 . 7 4 ,  p <  .0 0 1 ,  r e s p e c t i v e l y ) ,  F i g u r e  6 shows t h a t  t h e  

t r e n d s  f o l l o w e d  by b o t h  a r e  r o u g h l y  t h e  same ( c f .  F i g u r e s  2A 

and 2B, r e s p e c t i v e l y ) .  Tend ing  t h e  qu een  a l s o  f o l l o w s  a 

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



F i g u r e  6 .  A g e - r e l a t e d  t r e n d s  f o r  d o m e s t i c s  s t i m u ­

l a t e d  by r e c e n t l y  e c l o s e d  c a l l o w s .
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( F i g u r e  1 ) .  E i g h t  o f  t h e  tw e n ty - o n e  c a l lo w s  were  o b s e r v e d  

t e n d i n g  t h e  queen .

E xp e r im e n t  6

P r o c e d u r e

T o t a l  l a r v a l  c o n t a c t . G iven  t h e  r e s u l t s  up t o  t h i s  

p o i n t  i n  t h e  s t u d y ,  i t  was e v i d e n t '  t h a t  some c o n t r o l  o f  c a l ­

low b e h a v i o r a l  deve lopm ent  r e s i d e d  i n  t h e  b ro o d :  E c l o s i n g  

c a l l o w s  s t i m u l a t e  o l d e r  c a l l o w s  t o  f o r a g e ;  p e r h a p s  l a r v a e  

s t i m u l a t e  t h e  o l d e r  c a l l o w s  t o  o o n t i n u e  f o r a g i n g  and work­

i n g  o u t s i d e  t h e  n e s t .  I n  b o t h  b a s e l i n e  and o u t s i d e - w o r k e r  

rem o v a l  c o n d i t i o n s ,  d o m e s t i c s  had co m ple te  c o n t a c t  w i t h  t h e  

l a r v a e .  I t  was n e c e s s a r y  t o  p r e s e n t  a  g rou p  o f  r e c e n t l y  

e c l o s e d  d o m e s t i c s  w i t h  a l a r g e  number o f  l a r v a e ,  t o  see  how 

much l a r v a l  s t i m u l a t i o n  a l o n e  would c o n t r i b u t e  t o  b e h a v i o r a l  

d e v e lo p m e n t .

A c c o r d i n g l y ,  200 l a r v a e  and 30 c a l l o w s  were p l a c e d  i n  

t h e  c e n t r a l  n e s t  box w i t h o u t  t h e  q ueen .  N o n fe ed in g  l a r v a e  

were  removed and r e p l a c e d  w i t h  f e e d i n g  l a r v a e .  Two c l u s t e r s  

o f  b e h a v i o r  were o b s e r v e d :  t h o s e  i n v o l v e d  i n  w i t h i n - n e s t  

b ro o d  c o n t a c t ,  and o u t s i d e - t h e - n e s t  a c t i v i t i e s .

R e s u l t s

T w en ty -sev en  d o m e s t i c s  s u r v i v e d  i n  t h i s  c o n d i t i o n .

F i g u r e  7 shows how t h e  two t y p e s  o f  b e h a v i o r  d i s p l a y  an  i n -
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v e r s e  f l u c t u a t i n g  r e l a t i o n  t o  one a n o t h e r :  When b ro o d  c a r e  

p e r c e n t a g e  d r o p s ,  t h e  p e r c e n t a g e  o f  t im e  s p e n t  o u t s i d e  

r i s e s .  T h is  b e h a v i o r  c o n t i n u e d  th r o u g h  70 d ay s  o f  o b s e r ­

v a t i o n .  I n  t h e  e c l o s i o n  s t i m u l a t i o n  m a n i p u l a t i o n  t h e r e  was 

no su c h  f l u c t u a t i n g  r e l a t i o n s h i p  be tw een  b ro o d  c a r e  and 

t im e  s p e n t  o u t s i d e  ( T h i s  was i n  pa’r t  b e c a u s e  o f  t h e  p e a k in g  

n a t u r e  o f  e c l o s i o n  and t h e  f a c t  t h a t ,  once e c l o s i o n  was com­

p l e t e ,  t h e r e  was no more b ro o d  t o  c a r e  f o r ) .

E xp e r im e n t  7

P r o c e d u r e

L a r v a l  p l u s . e c l o s i o n  s t i m u l a t i o n . The f o l l o w i n g  was 

done t o  t e s t  an  h y p o t h e s i s  t h a t  I  had form ed:  E c l o s i o n  p r o ­

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

m ent ,  w h i l e  l a r v a l  s t i m u l a t i o n  i s  n e c e s s a r y  t o  m a i n t a i n  

t h e  g a i n s  made d u r i n g  t h i s  a c c e l e r a t i o n  i n t o  o u t s i d e  w o rk e r  

b e h a v i o r .  The p r e v i o u s  C o n d i t i o n  was r e p e a t e d ,  a g a i n  u s i n g  

30 c a l l o w s  and 200 l a r v a e ,  During  t h e  4 * week, t h i s  c o n d i ­

t i o n  was combined w i t h  t h e  e c l o s i o n  s t i m u l a t i o n  c o n d i t i o n s .  

A c c o r d i n g l y ,  100 d a r k l y  p ig m en ted  pupae t h a t  were n e a r  t o  

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

R e s u l t s

T w e n ty - e ig h t  d o m e s t i c s  s u r v i v e d  i n  t h i s  c o n d i t i o n .

F i g u r e  7 a g a i n  shows t h e  f l u c t u a t i n g  r e l a t i o n s h i p  be tw een
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F i g u r e  7 .  Dom est ic  r e s p o n s e  t o  i n t e n s e  l a r v a l  s t i m u ­

l a t i o n  (E x p e r im e n t  6 ) ,  and t o  a  c o m b in a t io n  o f  l a r v a l  and 

e c l o s i o n  s t i m u l a t i o n  (E x p e r im e n t  7 ) .  "E" a t  t h e  a r ro w

i s  t h e  p o i n t  o f  g r e a t e s t  e c l o s i o n  s t i m u l a t i o n .
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t im e  s p e n t  o u t s i d e  t h e  n e s t  and b ro o d  c a r e .  However, w i t h  

e c l o s i o n  t a k i n g  p l a c e  a t  a b o u t  32 d ay s  ( b e g i n n i n g  to w a rd  t h e  

end o f  t h e  30® day,  w i t h  h e a v i e s t  e c l o s i o n  by f a r  on t h e  

32nd day ,  and e n d in g  e a r l y  on t h e  34® d a y ) ,  t h e r e  o c c u r r e d  

t h e  sudden  change i n  b e h a v i o r  r e p r e s e n t e d  by t h e  c r o s s e d  

b r o k e n  l i n e s .  There  was an  a b r u p t  i n c r e a s e  i n  p e r c e n t  t im e  

s p e n t  o u t s i d e  t o  53.9$» o r  b a s e l i n e  l e v e l ;  and a concomi­

t a n t l y  a b r u p t  d e c l i n e  i n  b ro o d  c o n t a c t  t o  0$ ,  a g a i n  base*J 

l i n e  l e v e l .

E x p e r im e n t  8

P r o c e d u r e

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

e c l o s i o n  s t i m u l a t i o n  and t o t a l  l a r v a l  s t i m u l a t i o n  manipu­

l a t i o n s  i t  was e v i d e n t  t h a t  t h e s e  f a c t o r s  by t h e m s e lv e s  

were  n o t  enough t o  a f f e c t  b e h a v i o r a l  deve lopm en t  t o  t h e  ex ­

t e n t  t h a t  was s e e n  i n  t h e  o u t s i d e - w o r k e r  r em ova l  c o n d i t i o n .  

By p a i r i n g  t h e  two, however ,  d o m e s t i c  b e h a v i o r a l  d e v e l o p ­

ment was a c c e l e r a t e d  t o  o u t s i d e  w o r k e r  l e v e l s .  While b o t h  

s t i m u l a t i o n  from t h e  l a r v a e  and e c l o s i n g  pupae e a c h  d i r e c t ­

l y  a f f e c t e d  t h e  marked d o m e s t i c s ,  t h e r e  r em ained  t h e  p o s ­

s i b i l i t y  o f  a s y n e r g i s t i c  e f f e c t .  F o r  exam ple ,  t h e  r e ­

c e n t l y  e c l o s e d  c a l lo w s  may have p r o v i d e d  t h e  work f o r c e  n e c ­
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e s s a r y  t o  p r o p e r l y  c a r e  f o r  t h e  l a r v a e ,  t h e r e b y  d i m i n i s h i n g  

l a r v a l  s t i m u l a t i o n  t h a t  would  o t h e r w i s e  have k e p t  t h e  

marked d o m e s t i c s  w i t h i n  t h e  n e s t .

To t e s t  t h i s  p o s s i b i l i t y ,  300 l a r v a e  and 55 pupae were 

p l a c e d  w i t h  t h e  queen  i n  t h e  c e n t e r  n e s t  box.  T h i s  r e p r e ­

s e n t s  t h r e e  t im e s  t h e  amount o f  l a r v a e  t o  pupae i n  t h e  o u t -  

s i d e - w o r k e r  r em ova l  m a n i p u l a t i o n .  E c l o s i o n  s t i m u l a t i o n  was 

n o t  w e l l  r e g u l a t e d  i n  t h e  o u t s i d e - w o r k e r  rem oval  c o n d i t i o n ,  

b u t  t h e  g r e a t e s t  number e c l o s e d  on t h e  14® d a y .  A c c o rd in g ­

l y ,  t h e  b u l k  o f  t h e  e c l o s i o n  s t i m u l a t i o n  o c c u r r e d  a t  t h e  

end o f  t h e  second  week i n  t h e  p r e s e n t  m a n i p u l a t i o n .  I f  by 

t h e  24® day ( t h e  maximum ra n g e  f o r  d o m e s t i c s  i n  t h e  o u t s i d e  

w o r k e r  rem ova l  m a n i p u l a t i o n  t o  e x h i b i t  o u t s i d e  w o r k e r  b e ­

h a v i o r )  d o m e s t i c s  were n o t  c o n fo rm in g  t o  t h e  l e v e l s  o f _o u t ­

s i d e  w o r k e r s  f o r  b ro o d  c o n t a c t  and  t im e  sp e n t  o u t s i d e  t h e  

n e s t ,  t w o - t h i r d s  o f  t h e  l a r v a e  would be removed so t h a t  t h e  

p r o p o r t i o n  o f  l a r v a e  conformed t o  t h e  o u t s i d e - w o r k e r  remov­

a l  c o n d i t i o n .  T w e n ty - f iv e  c a l l o w s  were marked a s  t h e  dom­

e s t i c s  f o r  t h i s  c o n d i t i o n .

R e s u l t s

Of 25 c a l l o w s  marked f o r  t e s t i n g ,  23 s u r v i v e d .  Most o f  

t h e  e c l o s i o n  s t i m u l a t i o n  to o k  p l a c e  on t h e  14® day ,  t h e  

same a s  i n  t h e  o u t s i d e - w o r k e r  rem ova l  c o n d i t i o n .  F i g u r e  8



4-6

F i g u r e  8 .  Dom est ic  r e s p o n s e  a f t e r  e c l o s i o n  (E) i n  

t h e  o u t s i d e - w o r k e r  r e m o v a l  m a n i p u l a t i o n  ( s o l i d  l i n e s ) ;  

and  a f t e r  e c l o s i o n  f o l l o w e d  10 d a y s  l a t e r  t y  rem o va l  o f  

two t h i r d s  o f  t h e  l a r v a e  ( R ) .
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shows t h e  o u t s i d e - w o r k e r  rem o v a l  c o n d i t i o n  (L a r v a e  t o  Pu­

p a e ,  2 : 1 )  and t h e  p r e s e n t  c o n d i t i o n  (L a r v a e  t o  Pupae ,  6 : 1 ) .  

T h ere  was a r e s p o n s e  t o  e c l o s i o n  i n  b o t h  c o n d i t i o n s :  Where­

a s  t h e  b e h a v i o r  o f  d o m e s t i c s  i n  t h e  2 : 1  c o n d i t i o n  r e a c h e d  

b a s e l i n e  l e v e l s ,  b e h a v i o r  i n  t h e  p r e s e n t  6 : 1  c o n d i t i o n  b e ­

gan  t o  a p p r o a c h  t h o s e  l e v e l s  more 'S lowly,  t h e n  t u r n e d  away 

f rom  them .  Marked d o m e s t i c s  a f t e r  24 d a y s  were  s t i l l  sp e n d ­

i n g  30# o f  t h e i r  t im e  on t h e  b ro o d  and o n l y  1 4 .7 #  o u t s i d e .

On t h e  24^ day ,  w h ic h  r e p r e s e n t e d  t h e  maximum ra n g e  f o r  

d o m e s t i c s  i n  t h e  o u t s i d e - w o r k e r  rem o v a l  c o n d i t i o n  t o  e x h i ­

b i t  o u t s i d e  w o r k e r  b e h a v i o r ,  I  removed t w o - t h i r d s  (200)  o f  

t h e  l a r v a e  so t h a t  t h e  p r o p o r t i o n  o f  t h e  l a r v a e  conform ed 

t o  t h e  o u t s i d e - w o r k e r  r em o v a l  c o n d i t i o n  ( a b o u t  95 l a r v a e ,

55 p u p a e ) .  W i t h i n  2 d ay s  t h e  a v e r a g e  l e v e l  o f  w i t h i n - n e s t  

b ro o d  c a r e  d ro p p ed  a b r u p t l y  t o  0#;  t im e  s p e n t  o u t s i d e  i n ­

c r e a s e d  t o  5 3 .6 # — b o t h  o u t s i d e  w o r k e r  l e v e l s  c o n fo rm in g  w i t h  

b a s e l i n e  ( b o t h  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom b a s e l i n e  

l e v e l s ) .  These  l e v e l s  rem a in e d  t h e  same f o r  t h e  n e x t  week,  

a t  w h ich  t im e  I  had no more l a r v a e  t o  k eep  t h e  b ro o d  r e ­

p l e n i s h e d  t o  t h e  r e q u i r e d  num bers .  The e x p e r im e n t  was t h e n  

t e r m i n a t e d .

D i s c u s s i o n

A c co rd in g  t o  S c h n e i r l a ’ s (1957 ,  1971) t h e o r y  o f  b rood
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s t i m u l a t i o n ,  t h e  e c l o s i o n  o f  t h e  p u p a l  b ro o d  p r o v i d e s  t h e  

s t i m u l a t i o n  t h a t  i n i t i a t e s  t h e  nomadic  p h a se  i n  t h e  army 

a n t ,  Neivamyrmex n i g r e s c e n s  ( G r e s s o n ) .  He assumed t h a t  l a r ­

v a l  e x c i t a t i o n  was n o t  s t r o n g  enough t o  s t a r t  t h e  nomadic  

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

D r o u a l ,  and H e r r i c k  (1980)  and T o p b f f ,  R o t h s t e i n ,  P u jd a k ,  

and  P a h l s t r o m  (1981)  c o r r o b o r a t e d  p a r t  o f  S c h n e i r l a ' s  t h e o r y  

by d e m o n s t r a t i n g  t h a t  t h e  p r e s e n c e  o f  new ly  e c l o s e d  c a l l o w s  

a l o n e  i s  s u f f i c i e n t  t o  i n i t i a t e  a  nomadic  p h a se  and t h a t  

a r t i f i c i a l l y  o v e r f e e d i n g  c o l o n i e s  e l i c i t e d  s t a t a r y  b e h a v i o r  

i n  nomadic c o l o n i e s .  A l th o u g h  a l b i s e t o s u s  i s  n o t  nomad­

i c ,  p e r h a p s  i t  i s  t h e  same k i n d  o f  b ro o d  s t i m u l a t i o n  t h a t  

i n f l u e n c e s  i t s  b e h a v i o r a l  d e v e lo p m e n t ,  a s  gauged by t e m p o r a l  

p o l y e t h i s m ,  t o  t h e  p o i n t  a t  w h ic h  i t  i s  s t i m u l a t e d  t o  l e a v e  

t h e  n e s t ,  become a c t i v e  o u t s i d e ,  and l e a v e  t e n d i n g  o f  b ro o d  

a nd  queen  t o  new r a n k s  o f  c a l l o w s .

The o u t s i d e - w o r k e r  rem o v a l  m a n i p u l a t i o n  c l e a r l y  demon­

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

o f  b r o o d ,  b e h a v i o r a l  deve lopm en t  i s  r a p i d l y  a c c e l e r a t e d .  

Whereas  L e n o i r  (1979)  found  s i m i l a r  b e h a v i o r a l  p l a s t i c i t y  

i n  Taoinoma e r r a t i c u m  L . ,  young a l b i s e t o s u s  w o r k e r s  d i d  

n o t  r e t u r n  t o  fo r m e r  t a s k s  w i t h i n  t h e  n e s t  b u t  rem a in e d  

o u t s i d e  w o r k e r s .  Prom t h i s  m a n i p u l a t i o n  i t  i s  n o t  y e t  c l e a r
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w h e t h e r  t h e  mechanism a f f e c t i n g  a c c e l e r a t e d  b e h a v i o r a l  de—. 

v e lo p m en t  was s t i m u l a t i o n  from t h e  b ro o d  o r  rem o va l  o f  i n h i ­

b i t i o n  from o u t s i d e  w o r k e r s .

The d o m e s t i c - r e m o v a l  m a n i p u l a t i o n  shows t h a t  t a s k s  norm­

a l l y  a s s o c i a t e d  w i t h  t h e  d o m e s t i c s  s t i l l  r e m a in  w i t h i n  t h e  

r e p e r t o i r e  o f  o u t s i d e  w o r k e r s .  Soipe o f  t h e  a d u l t s  t h a t  

t e n d e d  t h e  b ro o d  and queen  i n  t h i s  m a n i p u l a t i o n  had n o t  b e en  . 

o b s e r v e d  t o u c h i n g  e i t h e r  f o r  6 m o n th s .  P e rh a p s  a r e c i p r o ­

c a l l y  i n h i b i t o r y  f u n c t i o n  i s  a t  work h e r e ,  whereby  t h e  o u t ­

s i d e  w o r k e r s  keep  d o m e s t i c s  from l e a v i n g  t h e  n e s t  and dom­

e s t i c s  keep  o u t s i d e  w o r k e r s  from t e n d i n g  t h e  b ro o d  and 

queen  (more on t h i s  l a t e r ) .  U n l ik e  L e n o i r ' s  (1979)  o u t s i d e  

w o r k e r s  (pe rm anen t  f o r a g e r s ) ,  t h e  o u t s i d e  w o r k e r s  o f  IL a l ­

b i s e t o s u s  made good b ro o d  n u r s e s  and c a r e d  f o r  t h e  l a r v a e  

and pupae u n t i l  p u p a t i o n  and e c l o s i o n  when new c a l lo w s  r e ­

p l a c e d  them i n  t h e s e  t a s k s .

A cco rd in g  t o  t h e  q u e e n - n o - b r o o d  m a n i p u l a t i o n ,  t h e  ab­

sence  o f  b rood  seems t o  r e t a r d  b e h a v i o r a l  d e v e lo p m e n t .

When exposed  t o  b rood  f o r  t h e  f i r s t  t im e  i n  t h e i r  l i v e s  

a f t e r  3 months ,  t h e s e  d o m e s t i c s  made p oo r  b rood  n u r s e s :  L a r ­

v a e ,  pupae ,  and e c l o s e d  c a l l o w s  were s t u n t e d .  These s t u n t e d  

c a l l o w s  were s i g n i f i c a n t l y  s m a l l e r  ( i n  b o t h  head  w i d t h  and 

head  l e n g t h :  P = 243 & 200, 116 d f ,  p <  .0 0 1 ,  r e s p e c t i v e l y ) .
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t h a n  w o r k e r s  t a k e n  random ly  from o t h e r  c o l o n i e s .  Though 

t h e y  d i d  n o t  r e j e c t  b ro o d  a s  J a i s s o n ' s  (1975)  w o r k e r s  r e ­

j e c t e d  cocoo n s  a f t e r  h a v in g  b e en  d e p r i v e d  o f  them f o r  t h e  

f i r s t  15 d ay s  o f  t h e i r  l i v e s ,  t h e r e  may be a c r i t i c a l  p e r ­

i o d  f o r  b ro o d  t e n d i n g  a s  he s u g g e s t e d .  A p p a r e n t l y ,  t h e  

queen  a lo n e  h a s  l i t t l e  e f f e c t  on t h a t  p a r t  o f  b e h a v i o r a l  

deve lop m en t  marked by t h e  d o m e s t i c s '  e v e n t u a l l y  l e a v i n g  and 

s p e n d i n g  much o f  t h e i r  t im e  o u t s i d e  t h e  n e s t .  Brood seems 

t o  be a  n e c e s s a r y  i n g r e d i e n t .

The l a r v a l  s t i m u l a t i o n  m a n i p u l a t i o n  d e m o n s t r a t e s  t h a t  

o l f a c t o r y  s t i m u l a t i o n  b o t h  a l o n e  and i n  c o m b in a t io n  w i t h  

c h e m o t a c t i l e  s t i m u l a t i o n  from t h e  a n t e r i o r  r e g i o n s  o f  t h e  

l a r v a e  i n c r e a s e s  t h e  amount o f  t im e  s p e n t  by d o m e s t i c s  o u t ­

s i d e  t h e  n e s t — s i g n i f i c a n t l y  more so t h a n  i n  a c o n d i t i o n  i n  

w h ich  no b ro o d  i s  p r e s e n t .  T h is  i s  i n t e r e s t i n g  i n  l i g h t  o f  

F r e e ' s  (1967)  f i n d i n g  t h a t  t h e  s m e l l  o f  b ro od  a lo n e  i s  a l s o  

p a r t l y  r e s p o n s i b l e  f o r  t h e  ty p e  o f  f o r a g i n g  t h a t  ho n eybees  

do ,  a l t h o u g h  p h y s i c a l  c o n t a c t  w i t h  t h e  b rood  p l a y e d  a much 

l a r g e r  r o l e  i n  a f f e c t i n g  f o r a g i n g  p a t t e r n s .  B r i a n  and 

Abbot t  (1977)  gave e v id e n c e  t h a t  t h e  l a r v a l  head  s t i m u l a t e s  

food  c o l l e c t i o n  i n  Myrmica. and i t  i s  n o t  n e c e s s a r y  t h a t  

t h e  head be a b l e  t o  swal low o r  t o  move. Though i n  t h e  p r e ­

s e n t  s t u d y  a n t e n n a l  c o n t a c t  w i t h  t h e  h e a d s  o f  l a r v a e  had  no



more e f f e c t  on t im e  s p e n t  o u t s i d e  o r  f o r a g i n g  t h a n  d i d  t h e  

s m e l l  o f  l a r v a e ,  foo d  was found  p l a c e d  a g a i n s t  t h e  s c r e e n  

on  s i x  o c c a s s i o n s .  T h i s  was n o t  found  i n  t h e  o l f a c t o r y  con­

d i t i o n .  However, n e i t h e r  b f  t h e s e  c o n d i t i o n s  by i t s e l f  p r o ­

v i d e s  a s t r o n g  enough i n f e r e n c e  o f  a  c a u s a t i v e  f a c t o r  i n  

b e h a v i o r a l  d e v e lo p m e n t . '

The e c l o s i o n  m a n i p u l a t i o n  p r o v i d e s  su ch  an  i n f e r e n c e .  

R a t h e r  t h a n  e c l o s i o n  s t i m u l a t i o n  p e r  s e ,  t h e  s t i m u l a t i o n  

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

seemed t o  come from t h e  a c c u m u l a t i n g  numbers o f  r e c e n t l y  

e c l o s e d  c a l l o w s .  A l th o u g h  e c l o s i o n  c a u se d  v i s i b l e  e x c i t e ­

ment w i t h i n  t h e  n e s t ,  t h e  marked d o m e s t i c s  were  n o t  a r o u s e d  

t o  f o r a g e  en  masse  u n t i l  t h e  t h i r d  and f o u r t h  weeks when 

most  o f  t h e  c a l l o w s  had  a l r e a d y  e c l o s e d .  During  t h e s e  w eeks ,  

d o m e s t i c s  s p e n t  23$ and 3 2 .1 $  o f  t h e i r  t im e ,  r e s p e c t i v e l y ,  

o u t s i d e  t h e  n e s t .  T h i s  d ropped  t o  1 6 .3 $  i n  t h e  f i f t h  week, 

a f t e r  which  i t  was n o t i c e d  t h a t  some o f  t h e  unmarked c a l ­

lo w s  were  a l s o  o u t s i d e  f e e d i n g  and f o r a g i n g .  A f t e r  t h e  

f o u r t h  week no d o m e s t i c  was s e e n  t e n d i n g  t h e  queen ;  a f t e r  

t h e  t h i r d  week, what  b ro o d  rem ained  were t e n d e d  by t h e  r e ­

c e n t l y  e c l o s e d  unmarked c a l l o w s  o n l y .  C l e a r l y ,  s t i m u l a t i o n  

from r e c e n t l y  e c l o s e d  c a l l o w s  i s  enough to  a ro u s e  young dom­

e s t i c s  t o  l e a v e  t h e  n e s t  and t o  keep  them from r e t u r n i n g  t o
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some t a s k s  ( t e n d i n g  t h e  queen  and r e m a in i n g  pupae)  w i t h i n  

t h e  n e s t .  As s u c h ,  i t  v e r y  l i k e l y  p l a y s  a  r o l e  i n  t h e  n o r ­

mal b e h a v i o r a l  deve lopm en t  o f  a l b i s e t o s u s .

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

n a t u r e  o f  s t i m u l a t i o n  coming from t h e  l a r v a e .  P e rh a p s  

t h e r e  a r e  two c l u s t e r s  o f  s t i m u l i , '  one o f  w h ic h  communicates  

t h e  h u n g e r  o f  t h e  l a r v a e ,  t h e  o t h e r  o f  w h ich  communicates  

t h e i r  g e n e r a l  c o n d i t i o n  n e c e s s i t a t i n g  g ro om ing .  H e r e a f t e r  

I  w i l l  u s e  " h u n g e r ” and "groom ing"  s t i m u l a t i o n  s im p ly  a s  

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

w o r k e r s  t o  l e a v e  t h e  n e s t  t o  f o r a g e  o r  t o  m a i n t a i n  brood  

c o n t a c t  w i t h i n  t h e  n e s t ,  r e s p e c t i v e l y .  I t  i s  e v i d e n t  from 

t h i s  m a n i p u l a t i o n  t h a t  young d o m e s t i c s  w i l l  spend  more t im e  

o u t s i d e  t h e  n e s t  a t  a n  e a r l i e r  age t h a n  t h e y  would i n  t h e  

p r e s e n c e  o f  o l d e r  o u t s i d e  w o r k e r s ,  a s  i n  b a s e l i n e .

E c l o s i o n  s t i m u l a t i o n  and l a r v a l  s t i m u l a t i o n  were n o t  by 

t h e m s e l v e s  enough t o  e f f e c t  t h e  b e h a v i o r a l  deve lopm ent  o f  

d o m e s t i c s  t o  t h e  p o i n t  where  b a s e l i n e  l e v e l s  f o r  s p e n d in g  

t im e  o u t s i d e  t h e  n e s t  were  r e a c h e d .  But t o g e t h e r  t h e y  s t i m ­

u l a t e d  d o m e s t i c  b e h a v i o r a l  deve lopm en t  t o  m atu re  o u t s i d e  

w o rk e r  l e v e l s .  While  e c l o s i o n  s t i m u l a t i o n  i s  e v i d e n t l y  a 

p o s i t i v e  and d i r e c t  f o r c e ,  i t  a l s o  seems t o  work i n d i r e c t l y  

i n  t h e  s e n s e  t h a t  e c l o s i n g  c a l l o w s  p r o v i d e  t h e  work f o r c e



n e c e s s a r y  t o  t a k e  c a r e  o f  t h e  b r o o d ' s  n e e d s ,  t h e r e b y  de ­

c r e a s i n g  t h e  b r o o d ' s  g room ing  s t i m u l i  and d r o p p in g  i t  below 

t h e  t h r e s h o l d s  o f  t h e  o l d e r ,  marked d o m e s t i c s .  That  t h i s  

may be t h e  c a s e  i s  c o n f i rm e d  by t h e  f a c t  t h a t  i t  i s  t h e  

g ro w in g  number o f  newly e c l o s e d  c a l l o w s  t h a t  i s  a s s o c i a t e d  

w i t h  d o m e s t i c s  l e a v i n g  t h e  n e s t  r a t h e r  t h a n  an e c l o s i o n  

s t i m u l a t i o n  p e r  s e .  S i m i l a r l y ,  i n  army a n t s  i t  i s  c a l lo w  

e x c i t a t i o n  r a t h e r  t h a n  e c l o s i o n  s t i m u l a t i o n  which  i n i t i a t e s  

nomadism ( S c h n e i r l a ,  1 9 5 7 ) .  I t  i s  t o  be n o t e d  t h a t  abo u t  

tw i c e  t h e  amount o f .  l a r v a e  and pupae were  used  i n  t h i s  con­

d i t i o n  t h a n  were  u s e d  i n  b a s d l i n e ;  however ,  t h e  r a t i o  o f  

l a r v a e  t o  pupae rem a in ed  t h e  same. Though t h i s  e l e v a t e d  t h e  

l a r v a l  s t i m u l a t i o n ,  enough c a l l o w s  e c l o s e d  from t h e  p u p a l  

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

groom ing  ne ed s  o f  t h e  l a r v a e ,  t h e r e b y  a l l o w i n g  t h e  marked 

d o m e s t i c s  t o  spend more t im e  f o r a g i n g  o u t s i d e  t h e  n e s t .

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

p l u s  e c l o s i o n ,  I  p r e s e n t e d  marked d o m e s t i c s  w i t h  b o th  l a r ­

vae  and pupae b u t  i n  a r a t i o  d i s p r o p o r t i o n a t e  t o  t h e  o t h e r  

c o n d i t i o n s  i n  which  t h e y  a p p e a re d  t o g e t h e r .  T h is  u l t i m a t e l y  

d e m o n s t r a t e d  t h a t  any l a r g e  f l u c t u a t i o n  i n  b rood  composi­

t i o n  shou ld  a l s o  have an  e f f e c t  s i m i l a r  t o  t h a t  found  when 

o u t s i d e  w o rk e r s  o r  d o m e s t i c s  a r e  removed from t h e  c o lo n y .



E v id e n c e  p o i n t s  away from d i r e c t  s t i m u l a t i o n  from o l d e r  

ag e  g r o u p s ,  namely  o u t s i d e  w o r k e r s ,  a s  a  m a j o r  f a c t o r  i n  

t h e  b e h a v i o r a l  de v e lo p m e n t  o f  c a l l o w s .  I t  seems l e s s  l i k e l y  

t h a t  o u t s i d e  w o r k e r s  o r  o t h e r  a d u l t s  d i r e c t l y  i n h i b i t  o r  

s low  down b e h a v i o r a l  deve lo p m e n t  t h a n  i t  do es  t h a t  t h e i r  

p r e s e n c e  i n  l a r g e  enough numbers  h e l p s  r e g u l a t e  t h e  l e v e l s  

o f  o t h e r  s t i m u l i ,  s u c h  a s  t h o s e  coming f rom l a r v a e  and 

e c l o s i n g  c a l l o w s ,  t h a t  would i n  t h e  o u t s i d e  w o r k e r s ’ ab­

se n c e  ( o r  p r e s e n c e  i n  i n a d e q u a t e  num bers )  d r i v e  t h e  c a l l o w s  

o u t  t o  f o r a g e  where  t h e y  would  come i n  c o n t a c t  w i t h  o t h e r  

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

v e lo p m e n t .

I  have  shown t h a t  e c l o s i o n  and  l a r v a l  s t i m u l a t i o n  t o ­

g e t h e r  w i l l  sp e e d  c a l l o w  ( d o m e s t i c )  b e h a v i o r a l  deve lopm en t  

t o  m a tu re  a d u l t  l e v e l s  i n  o n e - t h i r d  t h e  b a s e l i n e  t i m e ,  b u t  

t h a t  s e p a r a t e l y  t h e y  do n o t .  I  have  f u r t h e r  shown t h a t  

t h e r e  must  be a " p r o p e r ” p r o p o r t i o n  o f  t h e  two g ro u p s  o f  

b ro o d  s t i m u l i :  I f  t o o  many l a r v a e  a r e  p r e s e n t  i n  r e l a t i o n  

t o  pupae ,  e c l o s i o n  w i l l  n o t  p r o v i d e  t h e  s p u r  t o  b e h a v i o r a l  

deve lo p m en t  t h a t  was s e e n  i n  t h e  o u t s i d e - w o r k e r  r em ova l  

c o n d i t i o n .  G iven  t h a t  some pupae and c a l l o w s  d i d  n o t  s u r ­

v i v e ,  t h e  p r o p o r t i o n  o f  l a r v a e  t o  pupae s h o u ld  be anywhere 

f rom 2 : 1  t o  3 : 1 .  T h i s  p r o p o r t i o n  seems t o  p r o v i d e  enough
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d o m e s t i c s  t o  c a r e  f o r  t h e  b ro o d  w i t h i n  t h e  n e s t ;  t h e y  seem 

t o  be p a r t i c u l a r l y  s e n s i t i v e  t o  b ro od  s t i m u l i  t h a t  evoke a 

b ro o d  c o n t a c t  r e s p o n s e .  G iven  enough r e c e n t l y  e c l o s e d  c a l ­

low s t o  a c t  a s  d o m e s t i c s  c a r i n g  f o r  t h e  b rood  w i t h i n  t h e  

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

s t i m u l i  o f  t h e  b ro o d .  On r e t u r n i n g  t o  t h e  n e s t ,  t h e  s t i m ­

u l i  f o r  b ro o d  c o n t a c t  may become e v e n t u a l l y  t o o  low f o r  t h e  

o l d e r  f o r a g i n g  d o m e s t i c s '  t h r e s h o l d s .  Thus t h e y  s t a y  o f f  

t h e  b r o o d .  T h e i r  t h r e s h o l d s  may f u r t h e r  a s c e n d  b e c a u s e  o f  

t h i s  l a c k  o f  s t i m u l a t i o n .  No l o n g e r  v e r y  r e s p o n s i v e  t o  l a r ­

v a l  grooming s t i m u l i ,  t h e y  t h e n  become f u l l - f l e d g e d  o u t s i d e  

w o r k e r s .

I  had a t  f i r s t  t h o u g h t  t h a t  s t i m u l a t i o n  from r e c e n t l y  

e c l o s e d  c a l l o w s  s t a r t s  t h e  p r o c e s s  o f  a c c e l e r a t e d  b e h a v i o r a l  

d e v e lo p m e n t ,  w h i l e  s t i m u l a t i o n  from l a r v a e  s t a b i l i z e s  t h e  

g a i n s  made d u r i n g  t h i s  a c c e l e r a t i o n  i n t o  m a tu re  o u t s i d e  

w o r k e r  b e h a v i o r .  While  some k in d  o f  s t i m u l a t i o n  e v i d e n t l y  

do es  come from t h e  y o u n g e s t  age g roup  and evokes  a f o r a g i n g  

o r  o t h e r  o u t s i d e - t h e - n e s t  r e s p o n s e  on t h e  p a r t  o f  o l d e r  do­

m e s t i c s ,  i t  does  n o t  s t a r t  t h e  p r o c e s s  o f  b e h a v i o r a l  d e v e l ­

opment.  The l a s t  t h r e e  m a n i p u l a t i o n s  show t h a t  l a r v a l  s t im ­

u l a t i o n  p r e s e n t  b e f o r e  e c l o s i o n ,  c an  and does  i n f l u e n c e  b e ­

h a v i o r a l  d e v e lo p m e n t .  The q u e s t i o n  o f  what s t a b i l i z e s  t h e



g a i n s  made d u r i n g  an  a c c e l e r a t i o n  to w a rd  o u t s i d e  w o r k e r  b e ­

h a v i o r  can  b e s t  be an sw ered  by t h e  e f f e c t  t h a t  t h e  y o u n g e s t  

age  g ro up  h a s  upon c e r t a i n  s t i m u l i  coming from t h e  l a r v a e .  

The new r a n k s  o f  e c l o s i n g  c a l l o w s  seem t o  have  a v e r y  low 

t h r e s h o l d  f o r  t h e  grooming s t i m u l i  o f  t h e  l a r v a e  and spend 

much o f  t h e i r  t im e  i n  c o n t a c t  with' '  them . The o l d e r  domes­

t i c s  a r e  s t i m u l a t e d  by  t h e s e  y o u n g e r  o n e s  t o  l e a v e  t h e  n e s t  

t o  f o r a g e ,  t h e r e b y  d e c r e a s i n g  t h e i r  t im e  s p e n t  w i t h  t h e  

b r o o d .  T h i s  d i m i n i s h e d  c o n t a c t  c o u p le d  w i t h  new c o n t a c t  

w i t h  o t h e r  s t i m u l i  a s  a  r e s u l t  o f  f o r a g i n g  may s e r v e  t o  

e l e v a t e  t h e  o l d e r  d o m e s t i c s '  t h r e s h o l d s  t o  t h e  l a r v a l  groom­

i n g  s t i m u l i .  At t h e  same t i m e ,  t h e  new, r e c e n t l y  e c l o s e d  

d o m e s t i c s  a r e  d i m i n i s h i n g  t h e  volume o f  g rooming s t i m u l i  by 

r e s p o n d i n g  t o  i t  t h e m s e l v e s .  There  may a l s o  be a concom i­

t a n t  d e c r e a s e  i n  t h e  o l d e r  d o m e s t i c s '  t h r e s h o l d s  t o  t h e  

l a r v a l  h u n g e r  s t i m u l i ,  w h ich  f u r t h e r  s e r v e s  t o  k e e p  them 

f o r a g i n g  o u t s i d e  t h e  n e s t  and coming i n t o  c o n t a c t  w i t h  t h e  

b r o o d .  I n  t h e  c a se  o f  t h e  d o m e s t i c - r e m o v a l  c o n d i t i o n  where  

o l d e r  o u t s i d e  w o rk e r s  c a r e d  f o r  t h e  b r o o d ,  l a r v a l  g room ing  

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

s i d e  w o r k e r s '  h i g h  t h r e s h o l d s ;  t h i s ,  w i t h  renewed l a r v a l  

c o n t a c t ,  may t h e n  have s e r v e d  t o  lo w e r  t h e i r  t h r e s h o l d s  o f  

r e s p o n s e  t o  t h e  grooming s t i m u l i .



58

T h ese ,  I  t h i n k ,  a r e  t h e  dynam ics  o f  b ro od  s t i m u l a t i o n  

o f  b e h a v i o r a l  deve lopm en t  i n  t h e i r  s i m p l e s t  fo rm .  That  

t h e s e  h y p o t h e s i z e d  c l u s t e r s  o f  "hu n ger"  and "grooming" 

s t i m u l i  a r e  n o t  t h e  s o l e  m o t i v a t i n g  s t i m u l i  i s  e v i d e n t  from 

t h e  o u t s i d e  w o r k e r s  d o in g  o t h e r  t h i n g s  t h a n  s h e e r  f o r a g i n g  

o u t s i d e  t h e  n e s t ,  such  a s  f e e d i n g /  r e m a in in g  i n a c t i v e ,  

g u a r d i n g  ( i n a c t i v e  o r  moving a b o u t  c l o s e  t o  t h e  n e s t  en­

t r a n c e ) ,  t r a n s p o r t i n g  and b u r y i n g  d e b r i s ,  and n e s t  e x c a ­

v a t i o n . .



. P a r t  I I  

I n t r o d u c t i o n

T. C. S c h n e i r l a  (1938 ,  1971) became a p i o n e e r  i n  t h e  

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

s i s  o f  b e h a v i o r a l  d eve lopm en t  i n  army a n t s .  He d i s c o v e r e d  

t h a t  t h e  c y c l i c  p a t t e r n  o f  army a n t  b e h a v i o r — t h e i r  nomadic 

and 3 t a t a r y  p h a s e s —was g ov e rn e d  by t h e  c o n d i t i o n  o f  t h e  

b r o o d .  R e c e n t l y ,  McDonald and T o p o f f  (1985)  found  e v id e n c e  

t h a t  S c h n e i r l a ' s  t h e o r y  o f  b ro o d  e x c i t a t i o n  may have 

b r o a d e r  d e v e lo p m e n ta l  i m p l i c a t i o n s .  They found  t h a t  chang­

i n g  b ro o d  s t i m u l a t i o n  by rem ov ing  c e r t a i n  age g r o u p s ,  con­

t r o l s  b e h a v i o r a l  deve lop m en t  i n  a n  a n t  t h a t  i s  n o t  c l o s e l y  

r e l a t e d ,  b e h a v i o r a l l y  o r  t a x o n o m i c a l l y ,  t o  army a n t s .  T h is  

a n t ,  Novomessor a l b i s e t o s u s , i 3  p rey e d  upon by army a n t s  

and ,  l i k e  them, h a s  e v o lv e d  a  h i g h  d e g re e  o f  s o c i a l  o r g a n ­

i z a t i o n .  Nowhere i s  t h i s  o r g a n i z a t i o n  more a p p a r e n t  t h a n  

i n  t h e i r  e l a b o r a t e  and c o o p e r a t i v e  d e f e n s e  a g a i n s t  army 

a n t s .  The d e f e n s i v e  e f f o r t  t a k e s  p l a c e  b o t h  w i t h i n  and 

o u t s i d e  t h e  n e s t  and i n c l u d e s  a l l  t h e  age g ro up s  c o n s i d e r e d  

i n  P a r t  I  o f  t h i s  d i s s e r t a t i o n .

I n  P a r t  I I ,  I  r e p o r t  t h e  r e s u l t s  o f  a s t u d y  d e s ig n e d  

t o  e x te n d  t h e  scope o f  d e v e lo p m e n ta l  s t u d i e s  on a n t s ,  by 

f o c u s i n g  on b e h a v i o r a l  i n t e r a c t i o n s  be tw een  N. a l b i s e t o s u s
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and  t h e i r  c h i e f  p r e d a t o r .

Development o f  D e f e n s iv e  B e h a v i o r

The n e a r c t i c  army a n t ,  Neivamvrmex n i g r e s c e n e , o f  t h e  

s o u t h w e s t e r n  U n i t e d  S t a t e s  p r e y s  p r i m a r i l y  upon  o t h e r  a n t  

s p e c i e s ,  t e r m i t e s ,  and t h e i r  b r o o d .  These p r e y  c o n s t i t u t e  

r e l a t i v e l y  l o c a l i z e d  c o n c e n t r a t i o n s  o f  f o o d .

To d e t e r  p r e d a t i o n  a n t s  have  e v o lv e d  v a r i o u s  a d a p t a t i o n s  

f o r  d e f e n s e ,  i n c l u d i n g  venom a p p a r a t u s e s  ( c o m p r e h e n s i v e ly  

r e v i e w e d  by Blum and Hermann, 1978 a  & b)  and p h y s i c a l  

c a s t e s  o f t e n  c a l l e d  s o l d i e r s  ( W i l so n ,  1971;  O s t e r  and W il­

s o n ,  1 9 7 8 ) .  B e h a v i o r a l  a d a p t a t i o n s  a l s o  have  e v o lv e d  f o r  

c o lo n y  d e f e n s e  (W i l so n ,  1971,  pp 1 5 8 - 1 6 5 ) ,  su c h  a s  t h e  p r o ­

t e a n  b e h a v i o r  o f  w o r k e r s  f l e e i n g  f rom The n e s t  w h i l e  e v a c u ­

a t i n g  b ro o d  and queen  ( T o p o f f  e t  a l . ,  1 9 8 0 ) .  I n  t h e  c a s e  

o f  Camponotus sp p ,  p r o t e a n  b e h a v i o r  i n c l u d e s  c l i m b i n g  v e g ­

e t a t i o n  where  EL n i g r e s c e n s  r a r e l y  f o l l o w s  (LaMon and 

T o p o f f ,  1 9 8 1 ) .

Rap id  d i s p e r s a l  w i t h  t h e  b ro o d  and queen  h e l p s  d i m i n i s h  

t h e  e f f e c t i v e n e s s  o f  army a n t s  a t t a c k i n g  i n  l a r g e  numbers 

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

u a t i o n  a r e  Camponotus f e s t i n a t u s  (LaMon and T o p o f f ,  19 8 1 ) ,  

P h e i d o l e  d e s e r t o r u m  and P^ h y a t t i  (M irenda  e t  a l . ,  19 8 0 ) ,  

Novomessor c o c k e r e l l i  and a l b i s e t o s u s  ( a u t h o r ' s  o b s e r -
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v a t i o n s ) .

N es t  d e f e n s e ,  l i k e  most  s o c i a l  b e h a v i o r s  o f  a n t s ,  i s  

a l s o  a f f e c t e d  by a g e .  D obrzanska  (1959)  showed t h a t  i n  

F o rm ica  s a n g u i n e a  t h e r e  i s  a  g r a d i e n t  o f  a g g r e s s i o n  c o r r e ­

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

and  a b o u t  t h e  n e s t ,  and Weir  (1958’- a & b) h a s  shown a s im­

i l a r  p a t t e r n  f o r  Myrmica r u g i n o d i s .

C a m m a e r t s - T r i c o t  (1975)  t o o k  a d v a n ta g e  o f  t h e  f a c t  t h a t  

c u t i c u l a r  p i g m e n t a t i o n  i s  r e l a t e d  t o  age  i n  many a n t s  

( l i g h t l y  c o l o r e d  young a n t s  d a r k e n  a s  t h e y  a g e )  t o  show how 

Myrmica r u b r a  r e a c t s  d i f f e r e n t l y  a c c o r d i n g  t o  age  to w a rd  an  

i n t r u d e r ,  L a s i u s  f l a v u s . LeRoux and LeRoux ( 1 9 7 9 ) t w h i i e  

f i n d i n g  t h a t  n e s t  d e f e n s e  v a r i e d  among Myrmica l a e v i n o d i s  

i n d i v i d u a l s  o f  a  y e a r  o r  more i n  age ,  a l s o  found  t h a t  de ­

f e n s i v e  b e h a v i o r  c o u ld  be a l t e r e d  by e x p e r i e n c e  and c h a n g in g  

g ro u p  c o m p o s i t i o n .

I n i t i a l  o b s e r v a t i o n s  s u g g e s t  t h a t  N^ a l b i s e t o s u s  e x h i ­

b i t s  a  g ra d e d  sy s tem  o f  n e s t  d e f e n s e  l i k e  t h a t  r e p o r t e d  by 

W il so n  (1976 b) f o r  P h e i d o l e  d e n t a t a .  where  d e f e n s e  i s  f o l ­

lowed by n e s t  e v a c u a t i o n  when a p r e d a t o r y  s p e c i e s  p e n e t r a t e s  

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

u a t i n g  t h e  b ro o d  and queen  w h i l e  t h e  e n t i r e  c o lo n y  f l e e s  

f rom t h e  n e s t  a p p e a r s  t o  be a r e s p o n s e  u se d  o n l y  a g a i n s t



t h e  army a n t  genus  Neivamyrmex. a n a t u r a l  p r e d a t o r .  C l o s e r  

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

w o r k e r s  d e fe n d  t h e  a r e a  i m m e d ia te ly  a ro un d  t h e  n e s t  e n t r a n c e  

by a p p r o a c h i n g  and a t t a c k i n g  t h e  army a n t s .  D a r k l y - p i g ­

m ented  a n t s  a l s o  remove most  o f  t h e  b ro o d ,  w i t h  t h e  p r o p o r ­

t i o n  o f  b rood  removed d e c l i n i n g  t h e  l i g h t e r  t h e  p ig m e n ta ­

t i o n  o f  t h e  a n t s .  The l i g h t e s t  p ig m en ted  a n t s  ( c a l l o w s )  

emerge w i t h  empty m a n d i b l e s  from t h e  n e s t s .  D a r k l y - p i g ­

m ented  a n t s  a l s o  r e t u r n  f o r  more b r o o d ,  w h e rea s  t h e  c a l lo w s  

r a r e l y  do s o .

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

and p r o t e a n  b e h a v i o r  i n  Jk  a l b i s e t o s u s  i s  n o t  known. For  

ex am ple ,  a t  what age do p a t t e r n s  o f  c o lo n y  d e f e n s e  such  a s  

n e s t  e v a c u a t i o n ,  a p p r o a c h i n g  and a t t a c k i n g  a p r e d a t o r  

emerge? W i l l  t h e s e  complex b e h a v i o r s  emerge i n  a l b i s e ­

t o s u s  w o rk e r s  w i t h o u t  t h e i r  h a v in g  had p r i o r  e x p e r i e n c e  w i t h  

a p r e d a t o r  such  a s  army a n t s ?  Can t h e  developm ent  o f  de ­

f e n s i v e  b e h a v i o r  be a l t e r e d  by r e p e a t e d  e x p e r i e n c e s  w i t h  

army a n t s ?  The p r e s e n t  s tu d y  was d e s i g n e d  t o  e l u c i d a t e  th e  

deve lopm en t  o f  t h e s e  b e h a v i o r s  b o t h  i n  t h e  l a b o r a t o r y  and 

t h e  f i e l d .

Care was t a k e n  t h a t  t r i a l s  were p e r fo rm ed  d u r i n g  t h e  

same t im e  o f  day o r  n i g h t  f o r  b o th  t h e  l a b o r a t o r y  and f i e l d
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c o l o n i e s .  T h i s  w a s .d o n e  i n  d e f e r e n c e  t o  what  I  c a l l  t h e  

"Gordon d o c t r i n e " :  I n  e ac h  a n t  c o lo n y  t h e r e  i s  a  d a i l y  

t e m p o r a l  p a t t e r n  o f  a c t i v i t i e s  p e r f o r m e d ;  hence  e x p e r i m e n t ­

a l  m a n i p u l a t i o n s  a t  one t im e  o f  day may y i e l d  q u i t e  d i f f e r ­

e n t  r e s u l t s  a t  a n o t h e r  (Gordon ,  1 9 8 3 ) .

S e c t i o n  1 -  I s o l a t e d  Age Groups 

The p u rp o se  o f  t h e  f o l l o w i n g  was t o  s t u d y  t h e  d e v e l o p ­

ment o f  d e f e n s i v e  r e a c t i o n  t o  army a n t s  by g ro u p s  o f  a l ­

b i s e t o s u s  w o r k e r s  w h ic h  had  b e e n  r a i s e d  i n  i s o l a t i o n .

A f t e r  e x p o s in g  them t o  army a n t s  t h e  s t u d y  was r e p e a t e d  

u s i n g  t h e  same w o r k e r s ,  i n  o r d e r  t o  se e  i f  t h e i r  d e f e n s i v e  

b e h a v i o r  was a l t e r e d  due t o  t h e i r  s i n g l e  e x p e r i e n c e  w i t h  t h e  

p r e d a t o r .

Methods

S u b j e c t s

S e v e r a l  i n t a c t  c o l o n i e s  o f  IL a l b i s e t o s u s  were  f l u s h e d  

from t h e i r  n e s t s  by r e l e a s i n g  army a n t s ,  Neivamvrmex n i g r e s -  

c e n s . i n t o  t h e  n e s t  e n t r a n c e s .  D a r k ly - p ig m e n te d  pupae from 

t h e  v a r i o u s  c o l o n i e s  were  p o o l e d ,  and t h o s e  e c l o s i n g  on t h e  

same day were  p l a c e d  a b o u t  80 t o  a g ro u p  i n  p l a s t i c  boxes  

w i t h  food  and w a t e r .  These c a l l o w s  p r o v i d e d  t h e  age g ro u p s  

t e s t e d  u n d e r  t h e  v a r i o u s  c o n d i t i o n s  o f  t h e  e x p e r i m e n t .
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A p p a ra tu s

The n e s t  box was made o f  wood, 30 cm s q u a r e  x  3 cm h i g h ,  

f i t t e d  w i t h  a  g l a s s  t o p .  The box was s i t u a t e d  b e tw ee n  two 

f o r a g i n g  a r e n a s  w i t h  plywood f l o o r s :  t h e  l a r g e r  a r e n a  i n  

w h ich  army a n t s  were  r e l e a s e d  m easu red  48 cm x 61 cm; t h e  

s m a l l e r  a r e n a ,  which  p r o v i d e d  a n  e s c a p e  r o u t e  f o r  t h e  N. 

a l b i s e t o s u s  w o r k e r s ,  was 40 cm x 45 cm. B o th  a r e n a s  had  

s h e e t  aluminum w a l l s  20 cm h i g h ,  c o a t e d  w i t h  F lu o n  GP-1, a 

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

The f l o o r s  o f  b o t h  a r e n a s  were  c o v e r e d  by f i l t e r  p a p e r  

w h ic h  was r e p l a c e d  a f t e r  e a c h  t r i a l .  F re e  a c c e s s  t o  b o t h  

a r e n a s  was p r o v i d e d  from t h e  n e s t  box by 13-mm d i a m e t e r  

P l e x i g l a s s  t u b i n g .  Food and w a t e r  were  p ro v id e d  i n  t h e  

l a r g e  a r e n a ;  o n ly  w a t e r ,  t o  p r e v e n t  p o s s i b l e  d e h y d r a t i o n ,  

was p r o v i d e d  i n  t h e  e s c a p e  a r e n a .

P ro c e d u re

I n  o r d e r  t o  s tu d y  b e h a v i o r a l  p r o c e s s e s  o f  a l b i s e t o *> . 

s u s  u n a f f e c t e d  by e x p e r i e n c e  w i t h  army a n t s ,  g ro u p s  o f  a b o u t  

80 c a l l o w s  were  l e f t  i s o l a t e d  from e c l o s i o n  u n t i l  t h e  day 

o f  t e s t i n g ,  when 60 from e ac h  group  were exposed  t o  army 

a n t s .  The 16 age g ro u p s  were  a s  f o l l o w s :  3 d a y s ,  and  1-15 

weeks i n c l u s i v e .  Three  days  b e f o r e  a g i v e n  a g e ,  60 l a r v a e  

and 60 pupae ( c o n s p e c i f i c )  were p r e s e n t e d  t o  e ac h  age group



so t h a t  t h e y  c o u ld  become accus tom ed  t o  them ( w o r k e r s  were 

r a i s e d  w i t h  s m a l l  numbers  o f  a v a i l a b l e  b rood  and seemed t o  

n u r s e  them w e l l ) .  At t e s t i n g ,  t h e  60 w o r k e r s  a l o n g  w i t h  

t h e i r  p i l e  o f  b rood  were  exposed  t o  150 army a n t s  r e l e a s e d  

i n t o  t h e  l a r g e  a r e n a .  The day b e f o r e  t h e  t r i a l ,  t h e  b ro o d  

p i l e  was p u t  i n  t h e  n e s t  box and t h e  age g rou p  t o  be t e s t e d  

was p l a c e d  i n  t h e  s m a l l  a r e n a  ( d e s i g n a t e d  t h e  e s c a p e  a r e n a ) .  

T h i s  was done so t h a t  t h e  age g roup  would g a i n  some f a m i l ­

i a r i t y  w i t h  t h e  p a s s a g e  t o  t h e  e s c a p e  a r e n a  a s  t h e y  went 

f rom t h e  e sc a p e  a r e n a  t o  t h e  n e s t .  The n e s t  box was k e p t  

m o i s t  and i t  was c o v e r e d  w i t h  c l o t h  f o r  a  few h o u r s ,  u n t i l  

t h e  age g ro up  had gone i n s i d e  and g a t h e r e d  a ro u n d  t h e  b r o o d .  

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

S u r v i v o r s  o f  e a c h  age g roup  i n  t h e s e  i n i t i a l  e n c o u n t e r s  

w i t h  army a n t s  were  t e s t e d  a g a i n  t h e  f o l l o w i n g  d a y .  Be­

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

g ro u p s  were c u l l e d  t o  4-0 w o r k e r s ,  4-0 l a r v a e  and 4-0 pupae ,  

and t e s t e d  a g a i n s t  100 army a n t s .  I n  t h e  few i n s t a n c e s  

where  m o r t a l i t y  was g r e a t e r  t h a n  20 w o r k e r s ,  t h e  e x t r a  

w o r k e r s  from t h e  same age g roup  were t e s t e d  w i t h  a p r o p o r ­

t i o n a t e  amount o f  b ro o d  a g a i n s t  army a n t s ,  and t h e  n e c e s s ­

a r y  number o f  s u r v i v o r s  added t o  t h e  g roup  t o  be t e s t e d  

t h e  n e x t  d ay .  Groups were t e s t e d  a  second  t im e  i n  o r d e r  t o
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r e v e a l  any  c h a n g e s  t h a t  m igh t  have  o c c u r r e d  i n  some a s p e c t s  

o f  t h e i r  p r o t e a n  and d e f e n s i v e  b e h a v i o r  a s  a r e s u l t  o f  t h e i r  

s i n g l e  e x p e r i e n c e  w i t h  army a n t s .  These w o r k e r s  a r e  c a l l e d  

t h e  e x p e r i e n c e d  g r o u p s .

P i l o t  s t u d i e s  s u g g e s t e d  t h e  f o l l o w i n g  b e h a v i o r s  t o  be 

o b s e r v e d :  t u n n i n g  away ( w i t h o u t  b roo d  t o  t h e  e s c a p e  a r e n a ) ;  

e v a c u a t i n g  b ro o d  f rom  t h e  n e s t ;  c a r r y i n g  b ro od  w i t h i n  t h e  

n e s t ;  r e c r u i t m e n t  ( r u n n i n g  t o  t h e  l a r g e  a r e n a  a f t e r  h a v in g  

b e e n  a l e r t e d  by in c o m in g  w o r k e r s  t h a t  army a n t s  were  p r e ­

s e n t ) ;  a p p r o a c h i n g  t h e  army a n t s  ( t o  w i t h i n  a n t e n n a l  d i s ­

t a n c e ) ;  a t t a c k .

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

f o r a g e r s  t a k e n  from t h e  f i e l d ,  f o r a g i n g  w o r k e r s  o f  a l b i ­

s e t o s u s  were  c o l l e c t e d  a t  l e a s t  2 m from t h e  n e s t s  o f  t h r e e  

w i d e l y  s e p a r a t e d  c o l o n i e s  i n  t h e  f i e l d .  (Two m e t e r s  was 

c h o s e n  b e c a u s e  a t  t h a t  d i s t a n c e  and beyond ,  a l l  w o r k e r s  ob­

s e r v e d  were d a r k l y  p ig m e n ted  and g e n e r a l l y  engaged  i n  f o r ­

a g i n g ,  an  i n d i c a t i o n  t h a t  t h e y  were among t h e  o l d e r ,  more 

e x p e r i e n c e d  members o f  t h o s e  c o l o n i e s ) .  I n  one t r i a l ,  60 

f o r a g e r s ,  60 l a r v a e  and 60 pupae were t e s t e d  a g a i n s t  army 

a n t s ;  i n  two o t h e r  t r i a l s ,  50 and 40 f o r a g e r s  r e s p e c t i v e l y  

w ere  t e s t e d  w i t h  p r o p o r t i o n a t e  amounts o f  b r o o d .  The l a t t e r  

two g ro u p s  s e r v e d  a s  c o m p a r i s o n s  f o r  t h e  fe w e r  number o f



w o r k e r s  t e s t e d  i n  t h e  e x p e r i e n c e d  g r o u p s .  T h e i r  e x p e r i e n c e  

w i t h  army a n t s ,  a s  w e l l  a s  t h e  e x p e r i e n c e  o f  any f o r a g e r s  

c o l l e c t e d  i n  t h e  f i e l d  f o r  t h e s e  s t u d i e s ,  was n o t  known.

F o l lo w in g  t h e  same p r o c e d u r e s  o u t l i n e d  above ,  s e p a r a t e  

i s o l a t e d  g ro u p s  were e x p o sed  t o  Form ica  spp and Pogono- 

myrmex o c c i d e n t a l i s . These s p e c i e ^  a r e  s y m p a t r i c  w i t h  

N. a l b i s e t o s u s  and s e r v e d  a s  c o n t r o l s  f o r  t h o s e  d e f e n s i v e  

b e h a v i o r s  w h ich  m igh t  n o t  d e v e lo p  s p e c i f i c a l l y  a s  a  r e a c t i o n  

t o  army a n t s .

R e s u l t s

Tab le  1 shows t h a t  f o r  b o t h  t h e  e x p e r i e n c e d  and n a iv e  

g r o u p s ,  e v a c u a t i o n  and r e l a y  o f  b roo d  ( p i l i n g  b roo d  c l o s e r  

t o  t h e  e x i t  t o  t h e  e s c a p e  a r e n a ) ,  a p p r o a c h i n g  and a t t a c k i n g  

army a n t s ,  and r e c r u i t m e n t ,  improved a s  a  f u n c t i o n  o f  a g e .  

Both  a l s o  r a n  from army a n t s  s i g n i f i c a n t l y  l e s s  a s  t h e y  go t  

o l d e r ,  b u t  t h e  n a i v e  g r o u p s ,  on a v e r a g e ,  r a n  more t h a n  t h e  

e x p e r i e n c e d  g r o u p s .  The n a i v e  g ro u p s  a l s o  r e c r u i t e d  s i g ­

n i f i c a n t l y  l e s s .  These l a t t e r  two i t e m s  may i n  p a r t  ex­

p l a i n  why t h e  n a i v e  g ro u p s  s u f f e r e d  few e r  o v e r a l l  i n j u r i e s  

t h a n  t h e  e x p e r i e n c e d  g ro up s  ( th o u g h  m o r t a l i t y  a s  a r e s u l t  

o f  army a n t  a t t a c k s  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  f o r  t h e  

two g r o u p s ) .

F ig u r e  1 shows t h e  s t e a d y  i n c r e a s e  i n  t h e  p e r c e n t a g e



68

T a b le  1

I s o l a t e d  Age Groups :  C o r r e l a t i o n  o f  O b se rv ed  B e h a v i o r s  

With  Age and E x p e r i e n c e  i n  Naive  and E x p e r i e n c e d  C o n d i t i o n s

Dependent  Sample
B e h a v i o r  C o r r e l a t i o n  t - t e s t s

E v a c u a t i o n  2 .0 8 * a
Naive  .94-** ,
E x p e r i e n c e d  .89**

B e la y  ns
Naive .55*
E x p e r i e n c e d  .52*

Run 2.21**5
Naive  - . 8 4 * *
E x p e r i e n c e d  - . 8 4 * *

R e c r u i t  2 .0 5 * °
Naive  .75**
E x p e r i e n c e d  .82**

Approach n s
N a ive  .83**
E x p e r i e n c e d  .93**

A t t a c k  ns
Naive  .88**
E x p e r i e n c e d  .89**

a
A f t e r  6 w eeks ,  E x p e r i e n c e d  e v a c u a t e s  more t h a n  N a iv e .

■jj
Naive  r u n s  more t h a n  E x p e r i e n c e d .

(J
E x p e r i e n c e d  r e c r u i t s  more t h a n  N a iv e .

*p <  .05

**p <  .01
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o f  b rood  removed f o r  b o t h  g r o u p s .  While  b o t h  e x h i b i t  s im ­

i l a r  t r e n d s ,  t h e  e x p e r i e n c e d  g ro u p s  removed a  g r e a t e r  p e r ­

c e n t a g e  o v e r a l l  from t h e  7 -  t o  t h e  10® week o f  a g e .  As can  

be s e e n  i n  T ab le  1 t h i s . w a s  enough t o  make t h e  d i f f e r e n c e  

s i g n i f i c a n t .  The t h r e e  c o m p a r is o n  g ro u p s  o f  f o r a g e r s  e v a c ­

u a t e d  100$ o f  t h e i r  b r o o d .  ,

Prom t h e  1 s t  week on ,  some o f  t h e  n a i v e  g ro u p s  ap­

p ro a c h e d  t h e i r  a t t a c k e r s  and t h i s  number i n c r e a s e d  w i t h  

age  ( e x p e r i e n c e d  w o r k e r s  d i d  n o t  a p p ro a c h  u n t i l  t h e i r  2nd 

w e e k ) .  However, t h e y  d i d  n o t  b e g i n  t o  a t t a c k  t h e  army a n t s  

u n t i l  t h e i r  8® week ( a  s i n g l e  i n c i d e n c e  o f  a t t a c k  i n  ex­

p e r i e n c e d  w o r k e r s  was o b s e r v e d  a t  6 weeks ,  two a t  7 weeks—  

to o  few t o  be o f  s i g n i f i c a n c e  when compared w i t h  n a i v e s  

o v e r  t h e  same p e r i o d ) .  W hether  t h e y  a p p ro a c h e d  o r  n o t ,  

r u n n i n g  e m p ty -m an d ib led  from t h e  n e s t  and away from t h e  

army a n t s  d e c l i n e d  a s  a f u n c t i o n  o f  a g e .

R e c r u i tm e n t  t o  t h e  l a r g e  a r e n a  where army a n t s  were  r e ­

l e a s e d  i n c r e a s e d  w i t h  a g e .  T r a f f i c  was t y p i c a l l y  low i n  

and o u t  o f  t h e  n e s t  p r i o r  t o  t h e  r e l e a s e  o f  army a n t s  i n  

t h e  l a r g e  a r e n a ;  i t  was a l s o  low a f t e r  c o n t a c t  w i t h  army 

a n t s  f o r  age g ro u p s  1 -5  w eeks .  At 6 weeks o f  age and a f t e r ,  

r e c r u i t m e n t  began  t o  be n o t i c e a b l e  a s  w o rk e r s  r a n  i n t o  t h e  

n e s t ,  t o u c h i n g  c l u s t e r s  o f  r e s t i n g  w o r k e r s ,  c a u s i n g  b o t h  a



F i g u r e  1 .  P e r c e n t  o f  b ro o d  removed a s  a f u n c t i o n  

o f  age i n  g ro u p s  c o n f r o n t i n g  army a n t s  f o r  t h e  f i r s t  

t im e  ( n a i v e ) ,  and f o r  t h e  second  t im e  ( e x p e r i e n c e d ) .
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g e n e r a l  a la r m  marked by p i c k i n g  up and d r o p p i n g  b ro o d  o r  

o t h e r w i s e  r u s h i n g  a b o u t  t h e  n e s t ,  and a f o c u s e d  a la r m  

c h a r a c t e r i z e d  by r u n n i n g  o u t  t o  t h e  l a r g e  a r e n a  where  t h e  

c a u s e  o f  t h e  d i s t u r b a n c e  l a y .

Two p a t t e r n s  o f  d e f e n s e  became e v i d e n t  from t h e s e  r e ­

s u l t s :  1)  b ro o d  r e l a y ,  b ro o d  e v a c u a t i o n ,  and f l i g h t  t o  t h e  

e s c a p e  a r e n a ;  2) r e c r u i t m e n t ,  a p p r o a c h ,  and a t t a c k  i n  t h e  

l a r g e  a r e n a .  At t i m e s  t h e  same w o r k e r  would  h e l p  i n  r e l a y ­

i n g  o r  rem oving  b r o o d ,  and a t t a c k i n g  t h e  army a n t s .  T h is  

o c c u r r e d  most  o f t e n  when army a n t s  su c c e e d e d  i n  p e n e t r a t i n g  

t h e  n e s t  and were  a t t a c k i n g  t h e  b r o o d .  E v a c u a t i o n - f l i g h t  

e n t a i l e d  c o m b in a t io n s  o f  g e n a r a l  a l a r m  w i t h i n  t h e  n e s t ,  

c a r r y i n g  o f  b ro od  t o  t h e  e s c a p e  a r e n a ,  f l e e i n g  empty-man- 

d i b l e d  t o  t h e  e s c a p e  a r e n a ,  and r e l a y .  R e lay  c o n s i s t e d  o f  

some w o r k e r s  c a r r y i n g  b rood  from t h e  c e n t e r  o f  t h e  n e s t  and 

d e p o s i t i n g  i t  n e a r  t h e  t u b e  t o  t h e  e s c a p e  a r e n a ;  f rom t h e r e  

i t  was u s u a l l y  t a k e n  by o t h e r  w o r k e r s  t o  t h e  e sc a p e  a r e n a .  

O c c a s s i o n a l l y  b ro od  was d e p o s i t e d  y e t  a g a i n  i n  t h e  t u b e  

b e f o r e  b e in g  removed t o  t h e  e s c a p e  a r e n a .  R e l a y e r s  s h u t ­

t l e d  back  and f o r t h  b e tw ee n  b ro o d  p i l e s  and e sc a p e  a r e n a .

A g g r e s s iv e  d e f e n s e  e n t a i l e d  r e c r u i t m e n t  to  t h e  l a r g e  

a r e n a  where  f i g h t i n g  t o o k  p l a c e  im m e d ia te ly  i f  army a n t s  

were  b e g i n n i n g  t o  e n t e r  t h e  t u b e  t o  t h e  n e s t .  I f  army a n t s
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had  n o t  y e t  d i s c o v e r e d  t h e  n e s t  e n t r a n c e ,  N^ a l b i s e t o s u s  

w o r k e r s  would d i s p e r s e  i n t o  t h e  l a r g e  a r e n a ,  a p p r o a c h  t h e  

army a n t s ,  r u n  away, o r  a t t a c k .  Up t o  8 weeks o f  age  r u n ­

n i n g  was t h e  t y p i c a l  r e s p o n s e ;  a f t e r w a r d s  a t t a c k s  i n c r e a s e d i

No s i g n i f i c a n t  c o r r e l a t i o n  w i t h  age  was found  f o r  t h e  

d e v e lo p m e n t  o f  any  o f  t h e  b e h a v io r ' s  i n  t h e  c o n t r o l  g ro u p s  

t e s t e d  a g a i n s t  Fo rm ica  spp o r  o c c i d e n t a l i s . I n  t h e  

e v a c u a t i o n - f l i g h t  component o f  t h e  p r o t e a n  b e h a v i o r ,  no s i g ­

n i f i c a n t  d i f f e r e n c e  was found  i n  t h e  amount o f  b ro o d  r e ­

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

e v e r ,  N^ a l b i s e t o s u s  r a n  t o  t h e  e s c a p e  a r e n a  and e v a c u a t e d  

b ro o d  s i g n i f i c a n t l y  more i n  t h e  p r e s e n c e  o f  army a n t s  

F = 3 7 .7 1 ,  p <  .01  and F = 2 2 .4 9 ,  p <^..01,  r e s p e c t i v e l y )  

t h a n  i n  t h e  p r e s e n c e  o f  t h e  o t h e r  two s p e c i e s .

I n  t h e  a g g r e s s i v e  d e f e n s e  complex o f  b e h a v i o r s ,  d i f f e r ­

e n c e s  became a p p a r e n t  a f t e r  8 weeks o f  a g e .  Up t h r o u g h  

8 weeks t h e  n a i v e  g r o u p s  a p p ro a c h e d  and a t t a c k e d  t h e  t h r e e  

i n t r u d e r  s p e c i e s  e q u a l l y .  From 9-15 w eeks ,  how ever ,  t h e y  

a p p ro a c h e d  and a t t a c k e d  army a n t s  s i g n i f i c a n t l y  more 

(F  = 1 3 . 7 9 ,  p <  .01 and F = 8 . 7 8 ,  p <  . 0 1 ,  r e s p e c t i v e l y )  

t h a n  t h e y  d i d  t h e  o t h e r  two s p e c i e s .  Though up t h r o u g h  

8 weeks o f  age  N^ a l b i s e t o s u s  r e c r u i t e d  t o  o c c i d e n t a l i s  

more t h a n  t o  Formica  o r  army a n t s  (F = 4 . 9 2 ,  p <  . 0 5 ) ,  from
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9-15  weeks no s i g n i f i c a n t  d i f f e r e n c e  was f o u n d .  Thus a f t e r  

8 weeks o f  age t h e y  r e c r u i t e d  e q u a l l y  t o  a l l  t h r e e  s p e c i e s ,  

h u t  a p p ro a c h e d  and a t t a c k e d  army a n t s  m ore .

S e c t i o n  2 -  L a b o r a t o r y  Po lony

I n  c o n t r a s t  w i t h  S e c t i o n  1 ,  w h ich  d e a l t  w i t h  i s o l a t e d  

age  g ro u p s  h a v i n g  no more t h a n  two,, e x p e r i e n c e s  w i t h  army 

a n t s ,  t h i s  p a r t  o f  t h e  s t u d y  was d e s i g n e d  t o  d e t e r m i n e  t h e  

e f f e c t  of* r e p e a t e d  e x p o s u r e s  t o  army a n t s  on t h e  d eve lop m en t  

o f  p r o t e a n  b e h a v i o r  i n  s e v e r a l  age  g r o u p s  t o g e t h e r ;  and t o  

s e e  how a n  i n t a c t  c o lo n y  m igh t  r e a c t  w i t h i n  t h e  n e s t  when 

t h r e a t e n e d  by army a n t s .

Methods

S u b j e c t s

A l a r g e  c o lo n y  o f  a l b i s e t o s u s  was c o l l e c t e d  i n  t h e  

f i e l d  and  ho u se d  i n  t h e  l a b o r a t o r y .  The f i r s t  t h r e e  c l u s ­

t e r s  o f  e c l o s i o n  t h a t  p r o v i d e d  a t  l e a s t  50 c a l l o w s  e a c h  were 

u se d  a s  e x p e r i m e n t a l  g ro u p s  w h ic h  d i f f e r e d  i n  a g e .  The 

c o lo n y  was t h e n  c o n s t i t u t e d  a s  o u t l i n e d  be low .

P r o c e d u r e

In  o r d e r  t o  s i m u l a t e  a s  c l o s e l y  a s  p o s s i b l e  a  s m a l l  

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

age  g r o u p s ,  a c o lo n y  o f  a l b i s e t o s u s  c o n s i s t i n g  o f  50 

marked 2 -d a y ,  1 4 - d a y ,  and  2 8 -d ay  o l d s ,  a l o n g  w i t h  50 marked



f o r a g i n g  w o r k e r s  c o l l e c t e d  a t  l e a s t  2 m from t h e  n e s t  en­

t r a n c e  i n  t h e  f i e l d ,  and 100 unmarked w o r k e r s  c o l l e c t e d  a t  

v a r i o u s  d i s t a n c e s  f rom t h e  f i e l d  n e s t ,  were t e s t e d  t o g e t h e r  

w i t h  t h e  queen ,  250 l a r v a e  and 250 pu p a e .  They were ex­

p o se d  t o  army a n t s  and  t o  two o t h e r  s p e c i e s  on t h e  f o l l o w ­

i n g  r e p e a t i n g  s c h e d u l e :  day 1, abo u t  500 army a n t s ;  day 2, 

a l t e r n a t e d  be tw een  300 Pogonomyrmex o r  300 Formica  spp ;  

day  3, r e s t .  T h is  c y c l e  was r e p e a t e d  n i n e  t i m e s  o v e r  27 

d a y s .  Pogonomvrmex and Form ica  were c h o se n  t o  compare w i t h  

d e f e n s i v e  b e h a v i o r  t o w a rd  n o n p r e d a t o r y  a n t s  t h a t  a r e  sym- 

p a t r i c  w i t h  a l b i s e t o s u s .

A l l  i n t r u d e r  s p e c i e s  were d ropped  i n  t h e  end o f  t ie  l a r g e  

a r e n a  o p p o s i t e  t o  t h e  n e s t  e n t r a n c e .  Unmarked w o r k e r s  

( c h o s e n  a s  a b u f f e r  f o r  t h e  marked g ro u p s  a g a i n s t  d e c i m a t i o n  

by r e p e a t e d  army a n t  a t t a c k s )  k i l l e d  d u r i n g  t h i s  e x p e r im e n t  

were  r e p l a c e d  a f t e r  e a c h  t e s t ;  c a l l o w s  e c l o s i n g  from t h e  

p u p a l  b rood  were a l lo w e d  t o  r e m a in  i n  t h e  n e s t .  F i l t e r  

p a p e r  was r e p l a c e d  i n  t h e  a r e n a  a f t e r  e ac h  t r i a l .

R e s u l t s

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

a p p ro a c h ,  a t t a c k )  d id  n o t  change s i g n i f i c a n t l y  a s  a r e s u l t  

o f  age  o r  e x p e r i e n c e  f o r  any o f  the age g r o u p s .  T ab le  2 

shows t h a t  more n o t i c e a b l e  change was t a k i n g  p l a c e  i n  t h e
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developm ent  o f  t h e  e v a c u a t i o n - f l i g h t  p a r t  o f  t h e  p r o t e a n  

r e a c t i o n :  a s  t h e  age g ro u p s  r a n  l e s s ,  t h e y  r e l a y e d  and 

e v a c u a t e d  b roo d  from t h e  n e s t  m ore .  The marked f o r a g i n g  

w o r k e r s  ( t h o s e  t a k e n  a t  l e a s t  2 m from t h e  f i e l d  n e s t )  ex­

h i b i t e d  no change i n  any o f  t h e s e  b e h a v i o r s  a s  a  f u n c t i o n  

o f  r e p e a t e d  e x p e r i e n c e  w i t h  army a n t s .

I n  a l l  b e h a v i o r s  w i t h  t h e  e x c e p t i o n  o f  r u n n i n g  away, 

h ow ever ,  t h e  f o r a g i n g  w o r k e r s  o u tp e r f o r m e d  t h e  o t h e r  age 

g r o u p s .  The marked f o r a g e r s  removed more b ro o d  (F = 2 1 2 .8 ,  

p 4. . 0 1 ) ,  r e l a y e d  more (F = 4 6 . 1 ,  p 4. . 0 1 ) ,  and a t t a c k e d  

more (F = 2 0 9 .6 ,  p <1 .001)  t h a n  t h e  o t h e r  t h r e e  age g r o u p s ,  

w h ic h  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  i n  t h e s e  b e h a v i o r s .

They a l s o  r a n  away l e s s ,  r e c r u i t e d  and a p p ro a ch e d  more t h a n  

t h e  o t h e r  g r o u p s ,  and t h e  28 -day  o l d s  r a n  away l e s s ,  r e ­

c r u i t e d  and a p p ro a c h e d  more t h a n  t h e  2 -d a y  and 14 -d ay  o l d s  

(F = 3 4 .4 ,  3 0 3 .8 ,  4 1 . 5 ,  p 4. .001  r e s p e c t i v e l y ) ,  w h ich  d i d  

n o t  d i f f e r  s i g n i f i c a n t l y .  These r e s u l t s  a r e  summarized i n  

T ab le  2.

S in c e  b o t h  marked and unmarked f o r a g e r s  d i d  t h e  b u lk  o f  

t h e  f i g h t i n g ,  t h e  o t h e r  age g ro u p s  go t  l i t t l e  o p p o r t u n i t y  

t o  a g g r e s s i v e l y  d e fe n d  t h e  n e s t .  Those b e g in n i n g  a s  2 -  

and 14-day  o l d s  were s t i l l  s p e n d in g  much o f  t h e i r  t im e  on 

t h e  b rood  by t h e  end o f  t h e  s t u d y ,  24 days  a f t e r  t h e i r  f i r s t



_ _  tr
77

T a b le  2

L a b o r a t o r y  C olony:  Development  o f  O bserved  B e h a v i o r s  a s  a

R e s u l t  o f  E x p e r i e n c e  W ith  Army A n ts .

B e h a v i o r - , a 2 -d a y 14-day*3 2 8 -d a y ° fw'

E v a c u a t i o n .72* . .79** .88** n s
R e la y .85** .91** .89** n s
Run - . 7 8 * - . 8 8 * * - . 9 3 * * ns

R e c r u i t n s n s ns ns
Approach n s n s n s n s
A t t a c k n s n s n s n s

AITOVA6

B e h a v i o r F Comment

E v a c u a t i o n  212 .8 * * fw 'rem ove  more b ro o d  t h a n  o t h e r  3 
age  g r o u p s  (w h ich  d o n ' t  d i f f e r ) .

R e la y 4 6 .1 * * fw r e l a y  more t h a n  o t h e r  g ro u p s  
(w h ich  d o n ' t  s i g n i f i c a n t l y  d i f f e r ) .

Run 3 4 .4 * * fw r u n  l e s s  t h a n  o t h e r s ;  2 8 -d ay  
o l d s  l e s s  t h a n  2 -  & 1 4 -d ay  o l d s .

R e c r u i t 3 0 3 .8 * * fw r e c r u i t  more t h a n  o t h e r s ;  28 -  
day o l d s  more t h a n  2 -  & 1 4 -d a y  Old.

Approach 4 1 .5 * * fw a p p ro a c h  more t h a n  o t h e r s ;  2 8 -  
day  o l d s  more t h a n  2 -  & 1 4 -d ay  o l d .

A t t a c k 209 .6* * fw a t t a c k  more t h a n  o t h e r s  (w h ich  
d o n ' t  s i g n i f i c a n t l y  d i f f e r ) .

1 >b »c /pho se b e g i n n i n g  a s 2 -d a y ,  1 4 - d a y ,  and 2 8 -d ay  o l d s ,
r e s p e c t i v e l y .

^ F o r a g in g  w o r k e r s .
0

P o s t  hoc o o m p ar i so n s  by Newman-Keuls t e s t .

*p <  .05 **p <  .01



e x p o s u r e  t o  army a n t 3 . They w ere  t h e n  26 and 38 d a y s  o l d  

r e s p e c t i v e l y .  Those s t a r t i n g  a s  2 8 -d ay  o l d s ,  how ever ,  were  

52 d a y s  o l d  a t  t h e  e n d ,  and were  s p e n d i n g  l e s s  t im e  w i t h  

t h e  b r o o d .  T h is  may e x p l a i n  i n  p a r t  t h e i r  g r e a t e r  a v a i l a ­

b i l i t y  f o r  r e c r u i t m e n t  t o  and a p p r o a c h i n g  t h e  army a n t s .  

F i g u r e  2A-2C shows how few r e s p o n s e s  t h e r e  were  i n  any  o f  

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

g i n n i n g  t o  become more a p p a r e n t  a s  t h e  marked g r o u p s  aged 

and g a in e d  e x p e r i e n c e  w i t h  army a n t s .

Though no s i g n i f i c a n t  d i f f e r e n c e  was found  among t h e  

t h r e e  age  g ro u p s  i n  t h e  amount o f  b ro o d  e v a c u a t e d ,  i t  c a n  

be s e e n  i n  F i g u r e  3' (B and C) t h a t  t h o s e  c a l l o w s  b e g i n n i n g  

a s  2 -d a y  o l d s  showed t h e  most d r a m a t i c  i n c r e a s e  i n  p e r f o r m ­

a n c e ,  e q u a l l i n g  t h e  o l d e r  two age  g r o u p s  by t h e  end o f  t h e  

e x p e r i m e n t .  Running away ( F i g u r e  3A) d e c r e a s e d  w i t h  age 

and  e x p e r i e n c e .  D ur ing  t h e  f i r s t  few e x p o s u r e s  t o  army 

a n t s  young marked w o r k e r s  r u n n i n g  a ro u n d  w i t h  b ro o d  g o t  

c a u g h t  up i n  t h e  f o c u s e d  r u s h  and n e s t  e v a c u a t i o n  o f  t h e  

o l d e r  b r o o d - c a r r y i n g  w o r k e r s ,  and had t h e i r  own t y p i c a l l y  

d i s o r d e r l y  c a r r y i n g  t a c t i c s  d i r e c t e d  to w a rd  t h e  e x i t  t o  t h e  

e s c a p e  a r e n a .  Even g i v e n  t h e i r  b e s t  b ro o d  e v a c u a t i o n  p e r ­

form ance  d u r i n g  t h e  l a t e r  t r i a l s ,  however ,  t h e  t h r e e  age 

g r o u p s  removed no more t h a n  30 b rood  and r e l a y e d  52 more .
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F i g u r e  2 .  Development o f  a g g r e s s i v e  d e f e n s e — r e c r u i t  

(A ) ,  a p p r o a c h  (B ) ,  a t t a c k  (C)— i n  t h r e e  l a b o r a t o r y  age 

g r o u p s  h a v in g  r e p e a t e d  e x p e r i e n c e  w i t h  army a n t s .  (N o te :  

T r i a l s  were  p e r fo rm e d  e v e r y  3 r d  d a y .  Ages g i v e n  a r e  f o r  

t h e  f i r s t  t r i a l . )
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F i g u r e  3 .  Development o f  t h e  e s c a p e  component o f  

p r o t e a n  b e h a v i o r — r u n ( A ) ,  r e l a y  ( B ) ,  e v a c u a t e  (C )— i n  

t h r e e  l a b o r a t o r y  age g r o u p s  h a v i n g  r e p e a t e d  e x p e r i e n c e  

w i t h  army a n t s .  (N o te :  T r i a l s  were p e r f o r m e d  e v e r y  3 rd  

d a y .  Ages g i v e n  a r e  f o r  t h e  f i r s t  t r i a l . )
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Though t h e  number o f  b ro o d  had b e en  r e d u c e d  by e c l o s i o n ,  

t h i s  s t i l l  r e p r e s e n t s  l e s s  t h a n  25$ o f  t h e  b roo d  b e in g  

h a n d le d  by ab o u t  40$ o f  t h e  w o rk e r s  ( t h e  t h r e e  age g r o u p s  

i n i t i a l l y  com pr ised  50$ o f  t h e  w o r k e r s ,  b u t  some d i e d  o r  

were  k i l l e d  by army a n t s  d u r i n g  t h e  c o u r s e  o f  t h e  e x p e r i ­

m e n t ) .  The marked and unmarked f o r a g e r s  h a n d le d  t h e  b u l k  

o f  t h e  f i g h t i n g  and b ro o d  rem o v a l .

The e n t i r e  c o lo n y  became more e . f f i c i e n t  i n  rem oving  

b ro o d  from harm: There  was a s i g n i f i c a n t  d e c r e a s e  i n  t im e  

t o  com ple te  e v a c u a t i o n  a s  a f u n c t i o n  o f  r e p e a t e d  e x p o s u r e s  

t o  army a n t s  ( r  = - . 7 5 ,  p -C *05) .  While  i n i t i a l  c o n t a c t s  

w i t h  army a n t s  p roduced  much f i g h t i n g  f o l lo w e d  by b ro o d  r e ­

m oval ,  l a t e r  t r i a l s  saw w o rk e r s  rem oving  brood  a s  soon a s  

r e c r u i t m e n t  t o  t h e  l a r g e  a r e n a  o c c u r r e d .  E v a c u a t i o n  t h e n  

p ro c e e d e d  s t e a d i l y  u n t i l  a l l  b rood  was removed t o  t h e  e s ­

cape  a r e n a .

Over t h e  9 t r i a l s  a  f i g h t i n g  s t y l e  emerged .  Pogono-  

myrmex spp were c o n t e s t e d  w i t h  a n te n n a e - w a v in g ,  o p e n -m a n d i -  

b l e d  d i s p l a y s ,  s low r u s h e s  and s t a n d - o f f s .  When a t t a c k i n g ,

N. a l b i s e t o s u s  g r a s p e d  t h e  p e d i c e l  o f  a Pogonomyrmex from 

b e h in d ,  t h e r e b y  a v o i d i n g  i t s  s t i n g .  F i g h t i n g  r a r e l y  o c ­

c u r r e d ,  however ,  and t h e  two s p e c i e s  would s e p a r a t e  t o  op­

p o s i t e  s i d e s  o f  t h e  a r e n a .  No brood  c a r r y i n g  and l i t t l e



i f  any a l a r m  w i t h i n  t h e  n e s t  o c c u r r e d  d u r i n g  t h e s e  e p i s o d e s .  

Form ica  spp i s  a f a s t e r ,  more e n e r g e t i c  a n t  t h a n  Pogonomyr-  

mext Though Nj. a l b i s e t o s u s  c o n f r o n t e d  Form ica  w i t h  t h e  

a f o r e m e n t io n e d  d i s p l a y s  and s t a n d - o f f s ,  i t  r u s h e d  t h i s  i n ­

t r u d e r  more v i g o r o u s l y  and a t t e m p t e d  f r o n t a l  a s s a u l t s  d i s ­

t i n g u i s h e d  by g r a s p i n g  a t  t h e  h e a d l a n d  n e c k .  T h i s  t a c t i c  

p r e v e n t e d  Form ica  from s q u i r t i n g  f o r m ic  a c i d  i n t o  a mandi­

b l e - i n f l i c t e d  wound. Even s o ,  combat t e n d e d  t o  be more 

s e v e r e  t h a n  w i t h  Pogonomyrmex. l e a d i n g  t o  dead on b o th  

s i d e s .  When Form ica  were  i n t r o d u c e d  i n t o  t h e  l a r g e  a r e n a ,  

t h e r e  would be some a la rm  a lo n g  w i t h  s c a t t e r e d  b roo d  c a r r y ­

i n g  and r e l a y i n g  w i t h i n  t h e  n e s t ,  and r e c r u i t m e n t  t o  t h e  

l a r g e  a r e n a .  When a t t a c k i n g  an  army a n t ,  a l b i s e t o s u s  

l e a n e d  fo rw a rd  a s  i f  t o  keep  i t s  l e g s  o u t  o f  t h e  way (a  

t y p i c a l  t a c t i c  o f  Neivamyrmex n i g r e s c e n s  i s  t o  have  s e v e r a l  

o f  them g r a s p  t h e  l e g s  and a n te n n a e  o f  a  p r e y  a n t  and 

s p r e a d - e a g l e  i t  i n t o  s u b m i s s i o n ) ;  i t  t h e n  lu n g e d  i t s  head  

down w h i l e  s n a p p in g  t h e  m a n d ib l e s  sh u t  and s c r a p i n g  b a c k ­

w a rd s ,  w h i l e  a t  t im e s  t a k i n g  q u i c k  s t e p s  i n  r e v e r s e ,  a g a i n  

a s  i f  t o  keep  i t s  l e g s  f r e e .

S e c t i o n  5 -  F i e l d  Colony 

The f o l l o w i n g  was d e s ig n e d  t o  o b s e r v e  t h e  e f f e c t s  t h a t  

a n a t u r a l  e n v iro nm en t  would have on t h e  development  o f
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p r o t e a n  b e h a v i o r  by a l b i s e t o s u s  w i t h  r e p e a t e d  e x p o s u r e s  

t o  army a n t s .

Methods

Su b . iec ts

A c o lo n y  o f  IL a l b i s e t o s u s  was b r o u g h t  i n t o  t h e  l a b o r a ­

t o r y  t o  be r e t u r n e d  t o  t h e  f i e l d  w£th  t h e  age  g ro u p  p r o p o r ­

t i o n s  o u t l i n e d  be low .

P r o c e d u r e s

Two age g r o u p s  were  a s s e m b le d  and marked from t h i s  c o l ­

ony :  50 3 -d a y  o l d s  and  50 1 7 -d a y  o l d s .  F i f t y  f o r a g i n g  

w o r k e r s  c o l l e c t e d  2 m o r  more from t h e  n e s t  were  a l s o  

m ark e d .  These were  r e t u r n e d  t o  t h e i r  f i e l d  n e s t  w i t h  t h e  

q u e e n ,  250 l a r v a e ,  250 p u p a e ,  and 150 w o r k e r s  t a k e n  from 

o u t s i d e  t h e  n e s t .  The c o lo n y  was r e t u r n e d  t o  t h e  f i e l d  n e s t  

by  p l a c i n g  them i n  a w id e -m o u thed  j a r  w h ich  was upended  and 

l e f t  s t a n d i n g  o v e r  t h e  n e s t  h o l e  i n  e a r l y  m o rn in g .  Those 

n o t  e n t e r i n g  t h e  h o l e  i m m e d ia t l e y ,  d i d  so a s  t h e  sun  r a i s e d  

t h e  t e m p e r a t u r e  w i t h i n  t h e  j a r .  Four  n i g h t s  l a t e r ,  when 

t h e  age g r o u p s  were t h e n  7 days  and 21 days  o l d ,  t h e  t r i a l s  

b e g a n .  On t h a t  n i g h t  and  e v e r y  3 rd  n i g h t  t h e r e a f t e r  f o r  

36 d a y s ,  1 ,0 0 0  army a n t s  i n  g ro u p s  o f  200 were  d rop ped  on 

and a ro u n d  t h e  n e s t  e n t r a n c e  (more army a n t s  were  u se d  p e r  

t r i a l  t h a n  i n  t h e  p r e v i o u s  s e c t i o n  b e c a u s e  some r a n  away



f rom  t h e  n e s t  e n t r a n c e ,  and t h e  r e s t  had much g r e a t e r  d i s ­

t a n c e s  t o  c o v e r  u n d e rg r o u n d  t h r o u g h  v a r i o u s  t u n n e l s  and 

cham bers  t h a n  t h e y  would  i n  t h e  l a b o r a t o r y ) .  Because  i t  

was n o t  p o s s i b l e  t o  s e e  i n d i d e  t h e  n e s t  and b e c a u s e  o f  t h e  

dim l i g h t  o f  o u r  h e a d la m p s ,  o n l y  3 b e h a v i o r s  were  r e c o r d e d :  

b ro o d  e v a c u a t i o n ,  r u n ,  and a t t a c k s  S in c e  i t  was n o t  p o s ­

s i b l e  t o  o b t a i n  a n  a c c u r a t e  c o u n t  o f  t h e  d e ad ,  f o r a g e r s  

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

t h e  e x p e r i m e n t  were n o t  rem oved.

R e s u i t s

F i g u r e  4A shows t h a t ,  u n l i k e  t h e  i s o l a t e s  i n  S e c t i o n  1 

o r  t h e  l a b o r a t o r y  c o lo n y  i n  S e c t i o n  2 ,  b ro o d  e v a c u a t i o n  

d i m i n i s h e d  a s  a  f u n c t i o n  o f  age  o r  e x p e r i e n c e  w i t h  army 

a n t s  ( r  = - . 7 , p <  . 0 1  f o r  t h e  2 1 - d a y  o l d s ;  a  n e g a t i v e  b u t  

n o t  s i g n i f i c a n t  d i f f e r e n c e  f o r  t h e  7 -d a y  o l d s ) .  N e i t h e r  

removed s i g n i f i c a n t l y  more b ro o d  t h a n  t h e  o t h e r ,  b u t  t h e  

marked f o r a g i n g  w o r k e r s  removed s i g n i f i c a n t l y  more t h a n  b o t h  

(F = 1 9 .4 4 ,  p <  .0 1 ) . ,  Also  u n l i k e  t h e  e x p e r i m e n t a l  g ro u p s  

i n  t h e  f i r s t  two s e c t i o n s  o f  t h i s  s t u d y ,  r u n n i n g  away i n ­

c r e a s e d  ( F i g u r e  4B) a s  a  f u n c t i o n  o f  age  o r  e x p e r i e n c e  f o r  

t h e  7 -d a y  o l d s  ( r  = . 7 ,  p . 0 1 ;  i t  was n o t  s i g n i f i c a n t  f o r  

t h e  21 -day  o l d s ) .  The two age  g ro u p s  d i d  n o t  d i f f e r  i n  

t h i s  b e h a v i o r  from one a n o t h e r ,  b u t  b o t h  r a n  away s i g n i f i ­



c a n t l y  more t h a n  t h e  f o r a g e r s  (F = 4 . 8 4 ,  p . 0 1 ) .  F i g ­

u r e  4C shows t h a t  b o t h  7 -  and  2 1 -d ay  o l d s  i n c r e a s e d  t h e i r  

a t t a c k s  o v e r  t h e  c o u r s e  o f  t h e  t r i a l s  ( r  = .89 and .9 4 ,  

p ^  « 0 1  r e s p e c t i v e l y )  j u s t  a s  t h e  g r o u p s  d i d  i n  t h e  f i r s t  

two s e c t i o n s  o f  t h e  s t u d y .  However, t h e  f i e l d  c o lo n y  g ro u p s  

b e g a n  a t t a c k i n g  a t  a much e a r l i e r  pge t h a n  t h e  l a b o r a t o r y  

g r o u p s ,  and t h e y  a t t a c k e d  much more f r e q u e n t l y  t h a n  t h e  

g ro u p s  i n  t h e  l a b o r a t o r y  c o lo n y :  While  t h o s e  b e g i n n i n g  a s  

7 -  and 2 1 - d a y  o l d s  i n  t h e  f i e l d  d i d  n o t  s i g n i f i c a n t l y  d i f ­

f e r  i n  number o f  a t t a c k s  from one a n o t h e r  o r  f rom t h e  f o r ­

a g i n g  w o r k e r s  i n  t h e  f i e l d  and  l a b o r a t o r y ,  a l l  d i f f e r e d  from 

2 - ,  1 4 - ,  and 28 -d ay  o l d s  i n  t h e  l a b o r a t o r y  (P = 6 .2 1 ,  

p . 0 1 ) .  S i m i l a r l y ,  t h e  7 -  and 2 1 -d ay  o l d s  d i d  n o t  d i f f e r  

i n  t h e  number o f  t h o s e  r u n n i n g  away, b u t  b o t h  r a n  s i g n i f i ­

c a n t l y  l e s s  t h a n  t h e  g ro u p s  i n  t h e  l a b o r a t o r y  c o lo n y  

(P = 3 2 . 3 8 ,  p <.  . 0 0 1 ) .  A l l  age  g r o u p s  i n  t h e  l a b o r a t o r y  and 

f i e l d  r a n  s i g n i f i c a n t l y  more t h a n  t h e  f o r a g i n g  w o r k e r s  from 

e i t h e r  c o l o n y .  The 7 -  and 2 1 -d ay  o l d s  d i d  n o t  s i g n i f i c a n t ­

l y  d i f f e r  i n  amount o f  b rood  e v a c u a t e d ,  b u t  t h e y  e v a c u a t e d  

s i g n i f i c a n t l y  l e s s  t h a n  t h e  l a b o r a t o r y  c o lo n y  age  g ro u p s  

(P  = 7 . 1 ,  p <  . 0 1 ) .  L a b o r a t o r y  f o r a g e r s  e v a c u a t e d  more 

t h a n  f o r a g e r s  from t h e  f i e l d  c o lo n y ,  and b o t h  e v a c u a t e d  

more t h a n  a l l  t h e  o t h e r  age g r o u p s .
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F i g u r e  4 .  Development  o f  t h r e e  p r o t e a n  b e h a v i o r s —  

e v a c u a t e  (A),  r u n  (B ) ,  a t t a c k  (C )— i n  two f i e l d - c o l o n y  

ag e  g r o u p s  h a v i n g  r e p e a t e d  e x p e r i e n c e  w i t h  army a n t s .  

( N o te :  T r i a l s  were  p e r fo rm e d  e v e r y  3 rd  d a y .  Ages g i v e n  

a r e  f o r  t h e  f i r s t  t r i a l . )
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S e c t i o n  4  -  Graded I n t r o d u c t i o n
96

The f o l l o w i n g  was done t o  a s c e r t a i n  t h e  p r e f e r r e d  

method o f  d e f e n s e  by c o l o n i e s  w i t h  w h ic h  I  h ad  n o t  t a m p e r e d .

Methods

S u b j e c t s

F i f t e e n  c o l o n i e s  o f  a l b i s e t o s u s  were l o c a t e d  and 

s t u d i e d  i n  t h e  f i e l d .
f

P r o c e d u r e s

B e g in n in g  a t  8  pm when f o r a g i n g  a c t i v i t y  was h i g h ,  army 

a n t s  were  i n t r o d u c e d  n e a r  e a c h  c o lo n y  a c c o r d i n g l y :  3 0  were  

p l a c e d  1  m from t h e  n e s t  e n t r a n c e ;  a f t e r  1  h r ,  3 0  were  

p l a c e d  30 cm from t h e  e n t r a n c e ;  a n  h o u r  l a t e r  3 0  more were  

p l a c e d  i n  t h e  n e s t  e n t r a n c e .  A f t e r  e a c h  i n t r o d u c t i o n  o f  

army a n t s ,  t h e  number o f  b ro o d  e v a c u a t e d  was c o u n te d  a s  e a c h  

was c a r r i e d  from t h e  n e s t .  One h o u r  a f t e r  p l a c i n g  30 army 

a n t s  i n t o  t h e  n e s t  e n t r a n c e ,  l a r g e  numbers  o f  army a n t s  were  

r e p e a t e d l y  p o u red  i n t o  t h e  e n t r a n c e  u n t i l  a l l  t h e  b ro o d  had  

b e e n  e v a c u a t e d .  The t o t a l  number o f  b ro o d  from e a c h  c o lo n y  

was c o u n te d .  A l l  c o u n t s  w ere  t a k e n  by hand c o u n t e r .

R e s u l t s

N. a l b i s e t o s u s  e v a c u a t e d  s i g n i f i c a n t l y  more b roo d  when 

30 army a n t s  were  p l a c e d  i n  t h e i r  n e s t  e n t r a n c e s  t h a n  when 

p l a c e d  a t  1 m o r  30 cm from t h e  e n t r a n c e s  (F = 1 6 .7 9 ,  

p < . 0 1 ) .  There  was no s i g n i f i c a n t  d i f f e r e n c e s  i n  amount 

e v a c u a t e d  f o r  t h e  l a t t e r  two d i s t a n c e s .  No b rood  was
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e v a c u a t e d  from any o f  t h e  c o l o n i e s  when t h e  army a n t s  were  

p l a c e d  1 m from t h e  n e s t  e n t r a n c e s .  The amount o f  b rood  

removed when 3 0  army a n t s  were  p l a c e d  d i r e c t l y  i n t o  t h e  e n ­

t r a n c e s  r e p r e s e n t e d  o n l y  a b o u t  1 0 #  o f  t h e  t o t a l  b roo d  o v e r  

a l l  15 c o l o n i e s .

N. a l b i s e t o s u s  r e c r u i t e d  q u i c k l y  t o  army a n t s  a t  1 m 

and 3 0  cm from t h e  n e s t s ,  and many w o r k e r s  s u r g e d  o u t  o f  

t h e  n e s t s  t o  f i g h t  when 3 0  army a n t s  were  d ro p ped  i n t o  t h e  

e n t r a n c e s .  W h ateve r  b ro o d  was e v a c u a t e d  d u r i n g  t h e s e  

s k i r m i s h e s  was u s u a l l y  r e t u r n e d  w i t h i n  10 m i n u t e s .  A f t e r  

t o t a l  e v a c u a t i o n  when l a r g e  numbers  o f  army a n t s  were 

d r o p p e d  i n t o  t h e  n e s t  e n t r a n c e s ,  t h e  b u l k  o f  t h e  b ro o d  gen­

e r a l l y  was n o t  r e t u r n e d  f o r  two o r  more h o u r s .

The p r e f e r r e d  method o f  d e f e n s e  was t o  f i g h t  o f f  t h e  : 

army a n t s  ev en  when some had g a in e d  e n t r a n c e  t o  t h e  n e s t .  

Only when d e f e n s e s  had b e e n  h e a v i l y  b r e a c h e d  d id  EL a l b i s e ­

t o s u s  remove a l l  b r o o d .

D i s c u s s i o n

The s p e c i e s  t y p i c a l  complex o f  b e h a v i o r  i n  IL_ a l b i s e ­

t o s u s  s u i t a b l e  f o r  p r o t e c t i n g  i t s  n e s t  a g a i n s t  t h e  e n ­

c ro a c h m e n ts  o f  i t s  n a t u r a l  p r e d a t o r ,  ETeivamyrmex n i g r e s c e n s , 

em erges  w i t h o u t  EL_ a l b i s e t o s u s  h a v in g  had p r i o r  e x p e r i e n c e  

w i t h  t h i s  army a n t .  That  t h e  r e s p o n s e s  were o f  a s p e c i f i c
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n a t u r e  and o f  g r e a t e r  i n t e n s i t y  to w a rd  army a n t s  t h a n  t o ­

ward  t h e  o t h e r  s p e c i e s ,  r e n d e r s  d o u b t f u l  p o s s i b l e  o r d e r  o r  

s t r e s s  e f f e c t s  t h a t  m igh t  be i n h e r e n t  i n  t h e  t y p e  o f  e x p e r ­

i m e n t s  p e r f o r m e d .

Escape  and b roo d  e v a c u a t i o n  e v i d e n t l y  a r e  r e s p o n s e s  

s p e c i f i c a l l y  u s e d  a g a i n s t  army a n t  3 . These b e h a v i o r s  a r e  

e x h i b i t e d  when t h e  w o r k e r s  a r e  s t i l l  c a l l o w s .  C l e a r l y  t h e y  

c a n  d i s t i n g u i s h  b e tw ee n  t h e  p r e d a t o r  s p e c i e s  and  o t h e r  

s p e c i e s  a t  an  e a r l y  a g e .  However,  t h e y  do n o t  a p p r o a c h  and 

a t t a c k  t h e  p r e d a t o r s  i n  any s i g n i f i c a n t  numbers  u n t i l  t h e y  

r e a c h  t h e  age when t h e y  would n o r m a l ly  d e v e lo p  i n t o  f o r a g i n g  

w o r k e r s ,  t h a t  i s ,  a t  a b o u t  7 -9  weeks o f  age  (McDonald and 

T o p o f f ,  1 9 8 5 ) .

A c ro ss  a l l  g ro u p s  i n  t h e  f i r s t  t h r e e  s e c t i o n s  o f  t h i s  

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

a p p e a r e d  and d e v e lo p e d  e a r l i e r  t h a n  t h e  a g g r e s s i v e - d e f e n s e  

r e s p o n s e  c l u s t e r — r e c r u i t ,  a p p r o a c h ,  a t t a c k .  I n  b o t h  l a b o r ­

a t o r y  s t u d i e s ,  a t t a c k s  a g a i n s t  army a n t s  o c c u r r e d  a t  a b o u t  

t h e  same a g e :  6 - 8  weeks f o r  t h e  g ro u p s  r a i s e d  i n  i s o l a t i o n  

and 6 . 5  weeks f o r  t h e  l a b o r a t o r y  c o l o n y .  T h is  i s  i n t e r ­

e s t i n g  i n  l i g h t  o f  t h e  f a c t  t h a t  t h e  i s o l a t e s  d id  n o t  have 

o l d e r  age g ro u p s  a c t i n g  a s  a f i r s t  l i n e  o f  d e f e n s e ,  a s  d id  

t h e  l a b o r a t o r y  c o lo n y .



At f i r s t  i t  seems t h a t  young  w o r k e r s  a r e  n o t  p r e p a r e d  

t o  f i g h t  u n t i l  6 - 8  weeks o f  a g e .  Yet t h e  d i f f e r e n t  c i r c u m ­

s t a n c e s  o f  t h e  f i e i d  c o lo n y ,  shows t h a t  young w o r k e r s  w i l l  

f i g h t  a t  l e a s t  a s  e a r l y  a s  3 weeks o f  a g e .  O t to  (1958)  

and  Weir  (1958)  have  found  t e m p o r a l  d i f f e r e n c e s  i n  t h e  

r e a d i n e s s  o f  F o rm ica  and Myrmica. r e s p e c t i v e l y ,  t o  p e r fo rm  

c e r t a i n  b e h a v i o r s  r a t h e r  t h a n  i n  t h e i r  a b i l i t y .  S i m i l a r l y  

T o p o f f  e t  a l .  (1972 a and b)  have  fo u n d  t h a t  army a n t  c a l ­

low s  a r e  a b l e  t o  f o l l o w  s c e n t  t r a i l s  b u t  do n o t  do so 

r e a d i l y .  E v i d e n t l y  t h e  same h o l d s  t r u e  f o r  t h e  a t t a c k  r e ­

sp o n s e  i n  EL. a l b i s e t o s u s . e v en  t h o u g h  t h e  c a l l o w s  a r e  

s o f t e r  and more s u s c e p t i b l e  t o  i n j u r y  a t  3 weeks o f  a g e .

The d i f f e r e n c e  i n  a t t a c k s  and e v a c u a t i o n  b e tw ee n  t h e  g r o u p s  

i n  S e c t i o n s  2 and 3 may be a n  a r t i f a c t  o f  t h e  l a b o r a t o r y  

n e s t  a p p a r a t u s  w i t h  i t s  two e x i t s ,  one t o  t h e  e s c a p e  a r e n a  

and  one t o  t h e  l a r g e  a r e n a .  Though i t  had b e e n  t h o u g h t  t h a t  

N. a l b i s e t o s u s  had n e s t s  w i t h  m u l t i p l e  e n t r a n c e s  ( W h i t f o r d ,  

e t  a l . ,  1 9 8 0 ) ,  I  was n o t  a b l e  t o  f i n d  such  a n e s t  i n  t h e  

f i e l d .  Where t h e r e  were  e n t r a n c e  c l u s t e r s ,  e ac h  e n t r a n c e  

p ro v e d  to  be a s i n g l e  n e s t  o c c u p ie d  by o r  a v a i l a b l e  t o  

w o r k e r s  from t h e  same c o l o n y .  I found  no e v id e n c e  o f  

u n d e rg r o u n d  c o n n e c t i o n s  among t h e s e  n e s t s .  C o n s e q u e n t ly ,  

t h e  two age g ro u p s  i n  t h e  f i e l d  c o lo n y  had t o  e v a c u a t e



b ro o d  o r  o t h e r w i s e  e s c a p e  t h r o u g h  t h e  incom ing  army a n t s  

and o u t  o f  t h e  s i n g l e  e n t r a n c e .  T h i s  may have i n c r e a s e d  

t h e  number o f  a t t a c k s  and d i m i n i s h e d  t h e  amount o f  b roo d  

e v a c u a t e d .  The t h r e e  age  g ro u p s  i n  t h e  l a b o r a t o r y  c o lo n y  • 

w e re  b u f f e r e d  from c o n t a c t  w i t h  army a n t s  n o t  o n l y  by t h e  

o l d e r  w o r k e r s 1 d e f e n s e ,  b u t  a l s o  by t h e  e sc a p e  a r e n a  e x i t  

where  t h e y  c o u ld  f l e e  t h e  n e s t  w i t h o u t  t o u c h i n g  an  army a n t .

As t h e  2 8 -d ay  o l d s  i n  t h e  l a b o r a t o r y  c o lo n y  a g e d ,  t h e y  

s p e n t  l e s s  t im e  w i t h  t h e  b ro o d  and rem a in ed  o f f  by them­

s e l v e s .  I t  h a s  b e en  n o t e d  t h a t  a s  some a n t s  ag e ,  t h e y  

spend  l e s s  t im e  w i t h  t h e  b rood  and go t h r o u g h  a  t r a n s i t i o n  

p h a se  where  t h e y  do l i t t l e  work ,  b u t  a r e  a v a i l a b l e  f o r  

t a s k s  b o t h  i n s i d e  and o u t s i d e  t h e  n e s t  ( L e n o i r ,  1979)*

When t h e  28 -day  o l d s  had  r e a c h e d  t h i s  s t a g e ,  t h e y  may have 

become a v a i l a b l e  t o  f i g h t  army a n t s .  C e r t a i n l y  t h e y  a t ­

t a c k e d  s i g n i f i c a n t l y  more t h a n  t h e  y o u n g e r  two age g r o u p s .

The p e c u l i a r  f i g h t i n g  s t y l e s  to w ard  t h e  i n t r u d e r  s p e c i e s  

was l i m i t e d  t o  o l d e r  f o r a g e r s  o f  unknown age„  S ince  sy s te m ­

a t i c  s t y l e s  were n o t  o b s e r v e d  among t h e  w o rk e r s  r a i s e d  i n  

i s o l a t i o n  i n  S e c t i o n  1, e x p e r i e n c e  w i t h  o t h e r  s p e c i e s  may 

be an i m p o r t a n t  f a c t o r  i n  t h e  deve lopm ent  o f  f i g h t i n g  

s t y l e s .  S in ce  I was n o t  s t u d y i n g  t h i s  b e h a v i o r ,  I  r e p o r t  

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

G iv e n  t h a t  t h e  a p p e a r a n c e  o f  a t t a c k s  beg an  a t  a p p r o x ­

i m a t e l y  t h e  same age  f o r  t h e  l a b o r a t o r y  ( 7  w eeks)  and f i e l d  

(3-4- w eeks)  g r o u p s  w i t h i n  t h e i r  r e s p e c t i v e  c o l o n i e s ,  i t  

would  seem t h a t  age r a t h e r  t h a n  e x p e r i e n c e  i s  t h e  more im­

p o r t a n t  f a c t o r  g o v e r n i n g  a t t a c k ,  how ever ,  F i g u r e  3C ( a t ­

t a c k )  a l o n g  w i t h  t h e  l a c k  o f  s i g n i f i c a n c e  i n  t h e  number o f  

a t t a c k s  b e tw ee n  t h e  7 -  and 2 1 - d a y  o l d s  i n  t h e  f i e l d  c o lo n y ,  

shows t h a t  t h e  7 -  day  o l d s  had  c a u g h t  up w i t h  t h e  2 1 - d a y  

o l d s  i n  e x h i b i t i n g  t h e  a t t a c k  r e s p o n s e  by t h e  end o f  t h e  

e x p e r i m e n t .

A s i m i l a r  phenomenon o c c u r s  w i t h  t h e  e v a c u a t i o n  r e s p o n s e  

i n  t h e  l a b o r a t o r y  c o l o n y .  There  t h e  2 -d a y  o l d s ,  w h ic h  e v a c ­

u a t e d  l i t t l e  o r  no b ro o d  o v e r  t h e  f i r s t  t h r e e  t r i a l s ,  e v e n ­

t u a l l y  e q u a l l e d  t h e  1 4 -  and 2 8 -d ay  o l d s  i n  t h e  number o f  

b r o o d  removed.  They removed so much e v e n t u a l l y  t h a t ,  by t h e  

end o f  t h e  s t u d y ,  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  among 

t h e  t h r e e  g r o u p s .  The same h o l d s  t r u e  f o r  t h e  r e l a y  com­

p o n e n t  o f  b roo d  e v a c u a t i o n .

The r e s u l t s  o f  S e c t i o n  4 i n d i c a t e  t h a t  f i g h t i n g  i s  t h e  

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

i n g  a s  a r e s u l t  o f  d e f e n s i v e  breakdown marked by g r e a t e r  

numbers  o f  army a n t s  g a i n i n g  a c c e s s  t o  t h e  n e s t .  R e s u l t s
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i n  S e c t i o n  2,  how ever ,  d e m o n s t r a t e  t h a t  t h i s  p r o c e s s  can  

be a l t e r e d  by r e p e a t e d  e x p e r i e n c e  w i t h  army a n t s .  Brood r e ­

moval  began  a s  soon a s  army a n t s  were  d e t e c t e d  i n  t h e  l a r g e  

a r e n a ,  b e f o r e  f i g h t i n g  b e g a n .  No su ch  a l t e r a t i o n  i n  t h e i r  

b e h a v i o r  to w a rd  Form ica  o r  o c c i d e n t a l i s  was o b s e r v e d .

E x p e r i e n c e ,  t h e n ,  may p l a y  a  p a r t  i n  t h e  deve lopm en t  o f  

r e l a y ,  e v a c u a t i o n ,  and  a t t a c k .  I f  i t  d o e s ,  i t s  e f f e c t s  may 

be l i m i t e d  t o  a  c e r t a i n  age r a n g e .  I t  would  be d i f f i c u l t  

t o  e x p l a i n ,  o t h e r w i s e ,  t h e  f a c t  t h a t  t h e  o l d e r  age g ro u p s  

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

and t h e r e b y  s t a y  ahead  o f  t h e  y o u n g e r  age  g r o u p s ,  so t h a t  

a  s i g n i f i c a n t  d i f f e r e n c e  would be fo u n d  among them ( I t  must  

be remembered t h a t  a l l  g ro u p s  improved  i n  t h e  t h r e e  b e h av ­

i o r s  o v e r  t h e  c o u r s e  o f  t h e  t r i a l s ) .  Of c o u r s e ,  i t  may be 

a r g u e d  t h a t  r a t h e r  t h a n  e x p e r i e n c e  h a v in g  i t s  g r e a t e s t  e f ­

f e c t  w i t h i n  a c e r t a i n  age  r a n g e ,  some b e h a v i o r s  may s im p ly  

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

a t i o n a l  p r o c e s s e s  i n t r i n s i c  t o  t h e  young w o r k e r s .  F i g u r e  1 

seems t o  s u g g e s t  t h i s  f o r  t h e  n a i v e  g r o u p s '  e v a c u a t i o n  

r e s p o n s e  be tw een  t h e  4® and 10® week o f  a g e .  That  t h e  ex­

p e r i e n c e d  g ro u p  d e v e lo p e d  s i g n i f i c a n t l y  more i n  t h i s  b e ­

h a v i o r  b e tw een  t h e  6 ® and 1 0 ® w eeks ,  however ,  would a rg u e  

i n s t e a d  f o r  an  i n e x t r i c a b l e  u n i o n  o f  t h e  age and e x p e r i e n c e
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f a c t o r s .

F i n a l l y ,  i t  seems t h a t  a f t e r  a  w h i l e  i n  t h e  l i f e  o f  a  

w o r k e r  n e i t h e r  age  n o t  e x p e r i e n c e  w i l l  have  much e f f e c t  on 

p r o t e a n  b e h a v i o r :  F o r  a l l  t h e  b e h a v i o r s  s t u d i e d ,  t h e  o l d e r  

f o r a g i n g  w o r k e r s  d i d  n o t  change  s i g n i f i c a n t l y ,  n e g a t i v e l y  

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

e r  age  g r o u p s .  The s i n g l e  e x c e p t i o n  was t h e  a t t a c k  r e s p o n s e  

i n  t h e  f i e l d  c o lo n y — t h e r e  was no s i g n i f i c a n c e  among t h o s e  

g r o u p s .  I n  t h a t  c a s e ,  i t  may have  b e e n  t h a t  t h e  o l d e r  

f o r a g e r s  were  away f o r a g i n g  d u r i n g  t h e  t r i a l s .  N e v e r t h e ­

l e s s ,  t h e i r  number o f  a t t a c k s  d i d  n o t  change  s i g n i f i c a n t l y  

o v e r  t h e  c o u r s e  o f  t h e  t r i a l s .
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P a r t  I I I  

I n t r o d u c t i o n

I  have o u t l i n e d  t h e  d eve lop m en t  o f  a l b i s e t o s u s  f rom 

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

a g i n g  o u t s i d e  t h e  n e s t  i n  P a r t  I  o f  t h e  d i s s e r t a t i o n .  A 

s t u d y  o f  t h e  d e v e lo p m en t  o f  d e f e n s e  i n  t h e  same s p e c i e s  

makes up P a r t  I I .  The p r e s e n t  s t u d y  f o c u s e s  on  t h e  d e v e l ­

opment o f  t h e  o v a r i e s ,  p o i s o n  g l a n d ,  and e x o s k e l e t o n  and 

t h e i r  r e l a t i o n s h i p  w i t h  one a n o t h e r .  These  s t r u c t u r e s  a r e  

e a s y  t o  g e t  a t  and have  a l r e a d y  b e en  i m p l i c a t e d  i n  c e r t a i n  

s t a g e s  o f  b e h a v i o r a l  d e v e lo p m e n t .

O t to  (1 9 58 )  fou n d  t h a t  t h e  o v a r i e s  o f  young  Form ica  

p o l y c t e n a  w o r k e r s  c o n t a i n  e g g s ,  b u t  to w a rd  t h e  end o f  t h e i r  

d o m e s t i c  p e r i o d  ( I n n e n d i e n s t , t h a t  e a r l y  p a r t  o f  t h e i r  

l i v e s  when t h e y  spend  most  o f  t h e i r  t im e  w i t h i n  t h e  n e s t )  

r e s o r p t i o n  o f  t h e  egg s  b e g i n .  By t h e  o n s e t  o f  t h e i r  o u t ­

s i d e  w o rk e r  p e r i o d  ( A u s s e n d i e n s t ) t h e  r e s o r p t i o n  o f  eggs  

i s  c o m p l e t e .

I n  a r e v ie w  o f  O t t o ' s  work ,  W ilson  (1971)  n o t e d  t h a t ,  

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

F o rm ica  p o l y c t e n a  a r e  n o t  c l o s e l y  c o r r e l a t e d  w i t h  t a s k s  

p e r fo rm e d  o r  w i t h  t h e  change from d o m e s t i c  t o  o u t s i d e  work­

e r ,  a s  t h e y  a r e  f o r  example  i n  h o n e y . b e e s .  However, t h e r e



a r e  some i n t e r e s t i n g  f i n d i n g s  w h ich  i n d i c a t e  t h a t  g l a n d u l a r  

p r o d u c t i o n  i n  some a n t s  may be c o r r e l a t e d  w i t h  t e m p o r a l  

p o l y e t h i s m .  C a m m a e r t s - T r i c o t  (1974)  and C a m m a e r t s - T r i c o t  

and  Verhaege  (1974)  have  shown w i t h  Mvrmica r u b r a  t h a t  t h e  

p o i s o n  g l a n d ,  D u f o u r ' s  g l a n d ,  and  m a n d i b u l a r  g l a n d  r e s e r ­

v o i r s  f i l l  w i t h  e x o c r i n e  s e c r e t i o n s  a s  t h e y  a g e .  The c a l ­

l o w ' s  p o i s o n  g l a n d  r e s e r v o i r  i s  d e v o id  o f  t r a i l  pherom one.  

F u r t h e r ,  t h e y  found  t h a t  young  w o r k e r s  a r e  l e s s  s e n s i t i v e  

t h a n  o l d e r  w o r k e r s  t o  s e c r e t i o n s  from t h e  p o i s o n  and 

D u f o u r ' s  g l a n d s .  T h i s  may be why c a l l o w s  o f  many s p e c i e s  

do n o t  engage  much i n  f o r a g i n g .  However,  T o p o f f  e t  a l .

( 1 9 7 2  a  and b)  have  shown t h a t  c a l l o w  army a n t  w o r k e r s  a r e  

a b l e  t o  f o l l o w  s c e n t  t r a i l s  b u t  do n o t  do so r e a d i l y .  I n  

t h i s  c a s e ,  m o t i v a t i o n  a s  w e l l  a s  s e n s i t i v i t y  may a f f e c t  t h e  

b e h a v i o r .

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

t h e  a l a r m  and t r a i l  pheromone ( H B l l d o b l e r ,  S t a n t o n ,  and 

M a rk e l ,  1 9 7 8 ) .  Not s u r p r i s i n g l y ,  c a l l o w s  seem t o  be l e s s  

s e n s i t i v e  t o  i t  t h a n  a r e  o l d e r  w o r k e r s ,  b u t  i t  i s  n o t  known 

how r e a d i l y  o l d e r  w o r k e r s  w i l l  f o l l o w  s c e n t  t r a i l s  made 

f rom t h e  p o i s o n  g l a n d s  o f  y o u n g e r  w o r k e r s ,  o r  i f  t h e y  a r e  

a b l e  t o  do s o .  F u r t h e r ,  i t  i s  n o t  known a t  what  age  a 

w o r k e r  h a s  t o  be b e f o r e  o l d e r ,  f o r a g i n g  w o r k e r s  w i l l  r e a d i l y
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f o l l o w  i t s  t r a i l  i n  t h e  same numbers  a s  i f  i t  were one o f  

t h e i r  own t r a i l s .

C oncom i tan t  w i t h  d e v e l o p i n g  o v a r i e s  and p o i s o n  g l a n d s  

a r e  i n c r e a s i n g  p i g m e n t a t i o n  and h a r d e n i n g  o f  t h e  e x o s k e l e t a .  

Weir  (1958)  showed t h a t ,  a s  an  a n t  aged  and became more 

d a r k l y  p ig m e n ted ,  i t  would  more r e a d i l y  a t t a c k  and i n t r u d e r .  

W i t h i n  a  g i v e n  s p e c i e s ,  t h e  e x o s k e l e t a  o f  d a r k l y  p igm en ted  

a n t s  a r e  h a r d e r  t h a n  t h e  l i g h t e r  c o l o r e d  c a l l o w s .  I t  i s  n o t  

known i f  t h e r e  i s  a c o r r e l a t i o n  be tw een  t h e  u l t i m a t e  h a r d ­

n e s s  o f  an  a n t ' s  e x o s k e l e t o n  and a  p a r t i c u l a r  s t a g e  o f  b e ­

h a v i o r a l  d e v e lo p m e n t ,  such  a s  a g g r e s s i v e  d e f e n s e ,

E x o s k e l e t o n  P r e s s u r e  R e s i s t a n c e  

Methods

A p p a r a tu s

A Semmes-W einste in  P r e s s u r e  A e s t h e s i o m e t e r  was u s e d .

The s e t  c o n s i s t s  o f  a  s e r i e s  o f  n y l o n  b r i s t l e s  o f  v a r i o u s  

d i a m e t e r s ,  e ac h  f a s t e n e d  i n  a p l a s t i c  h a n d l e .  I t  i s  b a sed  

on a  sys tem  d e v e lo p e d  by Von P re y  ( t h e  Von P rey  h a i r s )  and 

d e s i g n e d  f o r  t h e  same p u r p o s e :  p s y c h o p h y s i c a l  t e s t s  o f  t o u c h  

s e n s i t i v i t y .  Each h a i r  bends  a t  a  known f o r c e ,  m easured  i n  

g ram s .  I n  t h e  p r e s e n t  s t u d y ,  however ,  t h e y  were u sed  t o  

t e s t  t h e  r e l a t i v e  h a r d n e s s  o f  t h e  e x o s k e l e t o n .  Also u se d  

were  a s t e r e o t a x i c  d e v i c e  and a d i s s e c t i n g  m ic r o s c o p e .
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P r o c e d u r e

Ants  were  marked a s  t h e y  e c l o s e d  and d a t e s  were  r e ­

c o r d e d  so t h a t  t e n  e a c h  from t h e  f o l l o w i n g  age  g ro u p s  c o u ld  

be  s t u d i e d :  1 day ,  4  d a y s ,  and e a c h  week f o r  1 -1 5  w e ek s .

Ten w o r k e r s  o f  a t  l e a s t  6  m onths  w ere  a l s o  t e s t e d .  At th e  

a p p r o p r i a t e  a g e s  t h e  a n t s  w ere  p in n e d  i n  a  d i s h  o f  h a r d e n e d  

wax. The n y l o n  b r i s t l e s  were  c lamped  t o  t h e  s t e r e o t a x i c  

d e v i c e  and i n s e r t e d  g e n t l y  u n d e r  t h e  m ic r o s c o p e  o n to  t h e  

a n t ’ s  t h o r a x .  Three  t h o r a c i c  l o c a t i o n s  were  s e l e c t e d :  d i ­

r e c t l y  on t o p  o f  t h e  p rono tum  and a v o i d i n g  t h e  s u t u r e  w i t h  

t h e  mesonotum; t h e  s i d e  o f  t h e  p rono tum ;  t h e  s i d e  o f  t h e  

metanotum and a v o i d i n g  t h e  s u t u r e  w i t h  t h e  e p in o tu m .  I f  t h e  

n y l o n  b r i s t l e  b e n t ,  t h e n  t h e  n e x t  s t i f f e s t  b r i s t l e  was u s e d ,  

and so on u n t i l  t h e  e x o s k e l e t o n  d i r e c t l y  u n d e r  t h e  h a i r  was 

o b s e r v e d  t o  g i v e  s l i g h t l y .  The number o f  t h a t  b r i s t l e  was 

t h e n  r e c o r d e d  and u s e d  a s  a n  i n d i c a t o r  o f  t h e  e x o s k e l e t o n ' s  

r e l a t i v e  h a r d n e s s .  The d i s s e c t i n g  m ic r o s c o p e  was s e t  a t  

2 0  power .

R e s u i t s

The d i f f e r e n c e  i n  t h e  t h o r a x ' s  r e s i s t a n c e  t o  p r e s s u r e  

a s  t h e  w o r k e r s  aged  p ro v ed  s i g n i f i c a n t  f o r  t h e  t h r e e  s e ­

l e c t e d  a r e a s  (p rono tum  t o p :  F = 2 5 5 .2 7 ;  pronotum  s i d e :

F = 1 4 5 .8 6 ;  metanotum : P = 1 6 4 .7 4 ,  a l l  a t  p ^  .0 0 0 1 ,  Newman-
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K e u ls  p o s t  hoc  t e s t  u s e d ) .  F i g u r e  1 shows t h a t  t h e  h a r d e n -  . 

i n g  o f  t h e  e x o s k e l e t o n  p r o g r e s s e s  s t e a d i l y  up t o  t h e  1 2 ® 

week o f  a g e ,  a f t e r  w h ich  i t  r e a c h e s  an  a s y m p t o t e .  However, 

f o r  t h e  s i d e  o f  t h e  p rono tum  and t h e  metanotum t h e r e  was no 

s i g n i f i c a n t  d i f f e r e n c e  i n  h a r d e n i n g  from a b o u t  t h e  9 ® week 

o n ;  and f o r  t h e  t o p  o f  t h e  p rono tum ,  from t h e  1 2 ® week o n .

The g e n e r a l  t r e n d  f o r  t h e  o v e r a l l  h a r d n e s s  o f  t h e  exo ­

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

t a k i n g  p l a c e  from t h e  1 s t  day  t h r o u g h  t h e  4® o r  5® week .

From t h e  5® t h r o u g h  t h e  8 ® week c h an g e s  a r e  s l o w e r  and n o t  

s i g n i f i c a n t ;  b u t  t h e  e x o s k e l e t o n  h a r d n e s s  o f  t h i s  g rou p  i s  

s i g n i f i c a n t l y  d i f f e r e n t  from t h e  g ro u p  r e p r e s e n t e d  by  t h e  

9 ® t h r o u g h  t h e  15® week and beyond .

Development o f  O v a r i e s  

Method

P r o c e d u r e

Ten a n t s  from e a c h  o f  t h e  f o l l o w i n g  g ro u p s  were  d i s ­

s e c t e d :  1  day o l d ,  4  days  o l d ,  e a c h  week from 1 - 1 2  w eeks ,  

and  o u t s i d e  w o r k e r s  o f  g r e a t e r  t h a n  5 m o n ths .  O v a r i e s  were 

e x c i s e d  w h i l e  t h e  g a s t e r  was u n d e r  a  d ro p  o f  w a t e r  so t h a t  

t h e y  would f l o a t  f r e e  and n o t  c o l l a p s e  upon t o u c h i n g  t h e  

h a r d  s u r f a c e  o f  t h e  t w e e z e r s  o r  t h e  s m a l l  wax f i l l e d  d i s h  

i n  w h ich  t h e  w o rk e r  was d i s s e c t e d .  The number o f  o v a r i o l e s
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f

F i g u r e  1 .  E x o s k e l e t o n  r e s i s t a n c e  t o  p r e s s u r e  (m easu re  

o f  r e l a t i v e  h a r d n e s s )  a s  a f u n c t i o n  o f  a g e .  The o r d i n a t e  

i s  l o g a r i t h m i c .
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and eg g s  were  c o u n te d  and t h e  l a r g e s t  egg was m easu re d  f o r  

l e n g t h  and w i d t h .

R e s u l t s

D i f f e r e n c e s  among t h e  age  g r o u p s  f o r  l e n g t h  and w i d t h  

o f  t h e  l a r g e s t  eggs  were  s i g n i f i c a n t  (F = 9 .1 1  and F = 1 1 . 5 6 ,  

p <.  .00 0 1 ,  r e s p e c t i v e l y ) .  These  d i f f e r e n c e s  o c c u r r e d  m o s t l y  

i n  t h e  c o m p a r i s o n  o f  t h e  m id ra n g e  o f  a g e s  w i t h  1 - d a y  o l d s ,  

and  12-week o l d s  and b e y o nd .  T h i s  i s  d e p i c t e d  i n  F i g u r e  2 

w here  i t  c an  be s e e n  t h a t  t h e r e  i s  a n  i n c r e a s e  i n  egg l e n g t h  

u n t i l  t h e  4® week,  f o l l o w e d  by a n  o v e r a l l  d e c l i n e  t o  t h e  

11® week, a f t e r  w h ich  t h e r e  o c c u r s  a p r e c i p i t o u s  d ro p  i n  

egg  l e n g t h  t o  be low  t h a t  o f  newly  e c l o s e d  c a l l o w s .

T h i s  t r e n d  i s  r e p e a t e d  f o r  egg w i d t h .  T here  a r e  no 

s i g n i f i c a n t  d i f f e r e n c e s  from t h e  1 s t  t h r o u g h  t h e  11® weeks 

o f  a g e ,  b u t  t h e y  a r e  a l l  s i g n i f i c a n t l y  d i f f e r e n t  f rom new 

c a l l o w s  a t  t h e  one ex t re m e  and 12 weeks o l d  and g r e a t e r  a t  

t h e  o t h e r .  The q u a l i t y  o f  t h e  egg s  a l s o  b e g i n s  t o  d e c l i n e  

f rom t h e  10® week on;  t h a t  i s ,  t h e y  l o s e  t h e i r  w h i t e n e s s  and 

become more t r a n s p a r e n t .  Some a r e  a lm o s t  c o m p l e t e l y  t r a n s ­

p a r e n t .  T h is  may be from y o l k  r e s o r p t i o n .

The number o f  o v a r i o l e s  d e c l i n e s  w i t h  age  ( r  = - . 5 6 ,  

p <1 . 0 5 ) .  Though t h e r e  i s  a  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  

number o f  o v a r i o l e s  among t h e  g ro u p s  (F = 8 . 7 ,  p <  .0 001 ,
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F i g u r e  2 .  Measurement  o f  l a r g e s t  egg :  an  i n d i c a t o r  

o f  egg  g row th  and r e s o r p t i o n  a s  a  f u n c t i o n  o f  w o rk e r  a g e .
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Newman-Keuls t e s t ) ,  much o f  i t  c a n  be a c c o u n t e d  f o r  by 

t h o s e  g r e a t e r  t h a n  5 m onths  o l d .  D i f f e r e n c e s  among t h e  

o t h e r  age  g ro u p s  do n o t  f o l l o w  any p a r t i c u l a r  t r e n d :  F o r  

e x am p le ,  2 -  and  6 -  week o l d s  do n o t  d i f f e r  s i g n i f i c a n t l y  

f ro m  any o f  t h o s e  from 1 day  t h r o u g h  12 weeks o l d ;  y e t  

5-w eek  o l d s  have  s i g n i f i c a n t l y  morp o v a r i o l e s  t h a n  do 7 -  

and 8-week o l d s ,  and 4-week o l d s  have  f e w e r  t h a n  do 4 - d a y  

o l d s .  T h is  p a t t e r n  c a n  be s e e n  i n  F i g u r e  3 .

F o r  t h e  number o f  e g g s ,  how ever ,  t h e r e  i s  a  d e c i d e d  de­

c l i n e  w i t h  age  ( r  = - . 7 ,  p <  . 0 1 ,  i n c l u d i n g  t h e  1 -d a y  o l d s ) .  

F i g u r e  3 shows t h a t  t h e  d e c l i n e  i s  p r e c i p i t o u s  a f t e r  8 

weeks  o f  a g e .  O v e r a l l  t h e r e  was a  s i g n i f i c a n t  d i f f e r e n c e  

i n  t h e  number o f  e g g s  among t h e  age  g r o u p s  (F = 1 5 . 4 ,  

p <  .0 0 0 1 ,  N-K t e s t ) .  Those o v e r  5 months had  f e w e r  eggs  

t h a n  t h o s e  o f  4  days  t o  8 weeks o l d ,  w h ich  were  n o t  s i g n i f ­

i c a n t l y  d i f f e r e n t  from one a n o t h e r .  T h i s  l a t t e r  g ro u p ,  

f o r  w h ich  t h e  number o f  eggs  r e m a in s  f a i r l y  c o n s t a n t ,  was 

s i g n i f i c a n t l y  d i f f e r e n t  from t h e  1 -d a y  o l d s .

Development o f  P o i s o n  Gland 

Methods

P r o c e d u r e

Ants  whose o v a r i e s  were  m easu red  i n  t h e  p r e v i o u s  s e c ­

t i o n  a l s o  had  t h e i r  p o i s o n  g l a n d  r e s e r v o i r s  m easu red  f o r
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F i g u r e  3 .  Number o f  e g g s  and o v a r i o l e s :  a n  i n d i c a t o r  

o f  g row th  and r e s o r p t i o n  o f  o v a r i e s  a s  a  f u n c t i o n  o f  

w o r k e r  a g e .
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t h e  p r e s e n t  s t u d y .  F u r t h e r ,  50 p o i s o n  g l a n d s  from e a c h  o f  

t h o s e  g ro u p s  were  e x c i s e d  and u s e d  t o  t e s t  t h e  r e s p o n s e  o f  

f o r a g i n g  o u t s i d e  w o r k e r s  t o  t h e  t r a i l  pherom one.  T h i s  was 

done so t h a t  t h e  s t r e n g t h  o f  t h e  e x o c r i n e  f l u i d  a s  a  s t i m ­

u l u s  c o u ld  be a s s e s s e d .  The method o f  H o l l d o b l e r  e t  a l .  

(1978)  was m o d i f i e d  f o r  t h i s  s tudy--(more  g l a n d s  p e r  t r i a l ,  

and a  s h o r t e r  t r a i l  on a  r o u g h e r  s u r f a c e  were  u s e d  i n  t h e  

p r e s e n t  s t u d y ) .

Each  age  g ro up  c o n t r i b u t e d  50 p o i s o n  g l a n d s  f o r  10 

t r i a l s  ( t h e  g l a n d  i s  hou sed  w i t h i n  t h e  r e s e r v o i r ;  i t  i s  

a c t u a l l y  t h e  r e s e r v o i r  and i t s  c o n t e n t s  t h a t  were  s t u d i e d ) .  

F o r  e a c h  t r i a l  5 p o i s o n  g l a n d s  were  p l a c e d  on  t h e  t i p  o f  a 

hardwood s t i c k  and sm eared  i n  a  4-0-cm c u rv e d  l i n e  a c r o s s  a 

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

a r e n a .  The number o f  a n t s  f o l l o w i n g  t h e  t r a i l  f rom a p p ro x ­

i m a t e l y  t h e  b e g i n n i n g  t o  t h e  end i n  e i t h e r  d i r e c t i o n  o v e r  

a  5 m in u te  o b s e r v a t i o n  p e r i o d  were  r e c o r d e d .  B e f o r e  a 

t r i a l  beg an ,  i t  was r e q u i r e d  t h a t  from 20 t o  30 a n t s  be i n  

t h e  a r e n a .  New p a p e r  was u sed  f o r  e a c h  t r i a l .

R e s u l t s

F i g u r e  4- shows t h e  o v e r a l l  i n c r e a s e  i n  mean l e n g t h  o f  

t h e  p o i s o n  g l a n d  r e s e r v o i r .  The c o r r e l a t i o n  w i t h  age i s  

s i g n i f i c a n t  ( r  = .7 2 ,  p <. . 0 1 ) .  There  were  a l s o  s i g n i f i -
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F i g u r e  4 .  M easurements  o f  p o i s o n  g l a n d  r e s e r v o i r :  

a n  i n d i c a t o r  o f  i n c r e a s i n g  volume w i t h  a g e .
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c a n t  d i f f e r e n c e s  among t h e  g r o u p s  (F = 6 . 4 6 ,  p <  .0 0 0 1 ,

N-K t e s t ) ;  b u t  b e c a u s e  o f  c o n s i d e r a b l e  v a r i a t i o n ,  t h e r e  

were  some odd r e s u l t s .  F o r  e x am p le ,  5 -m onth  o l d s  had  s i g ­

n i f i c a n t l y  l o n g e r  p o i s o n  g l a n d s  t h a n  3 -  and 5-week o l d s  

b u t  n o t  l o n g e r  t h a n  4 -w eek  o l d s ,  and s i g n i f i c a n t l y  l o n g e r  

t h a n  g l a n d s  o f  7 -  and  9-week o l d s  b u t  n o t  l o n g e r  t h a n  

8-week o l d s .  T h i s  may r e f l e c t  d i f f e r e n c e s  i n  volume b e ­

c a u s e  o f  pheromone u s e  j u s t  p r i o r  t o  e x p e r i m e n t a t i o n .

I t  c an  be s e e n  f rom  F i g u r e  4 ,  how ever ,  t h a t  t h i s  v a r i ­

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

c r e a s e  i n  mean w i d t h  w i t h  age  ( r  = . 9 ,  p <. . 0 1 ) .  T h is  

t r e n d  i s  r e f l e c t e d  i n  t h e  s i g n i f i c a n t  d i f f e r e n c e s  among age  

g r o u p s  (F  = 3 1 .6 4 ,  p . 0 0 0 1 , JN-K t e s t ) .  F o r  exam ple :

1 - d a y  o l d s  have s m a l l e r  p o i s o n  g l a n d  r e s e r v o i r s  t h a n  a l l  

t h o s e  2 weeks and o l d e r ;  t h o s e  o f  4 - d a y  and 1-week o l d s  a r e  

s m a l l e r  t h a n  t h o s e  o f  8 weeks and o l d e r ;  t h o s e  o f  2 -  t o  7 -  

week o l d s  a r e  s m a l l e r  t h a n  t h o s e  o f  9 weeks and o l d e r ,  and 

so o n .  The r e s e r v o i r  f l u i d  i n  a n t s  beyond 8 w eeks ,  and 

p a r t i c u l a r l y  i n  t h o s e  o f  12 weeks and 5 months o l d ,  had a 

s l i g h t l y  y e l l o w  h u e .  T h is  was n o t  n o t i c e d  i n  y o u n g e r  a n t s ,  

whose r e s e r v o i r s  had  c l e a r  l i q u i d  i n  them .  Up t h r o u g h  t h e  

1 s t  week t h e  r e s e r v o i r s  were n o t  w e l l  f i l l e d ,  a n o t i c e a b l e  

d i f f e r e n c e  from t h e  t u r g i d  p o i s o n  g l a n d  r e s e r v o i r s  o f  t h o s e
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9 weeks and o l d e r .

Among t h e  f o r a g i n g  w o r k e r s  i n  t h e  a r e n a  t h e  " f o l l o w "  

r e s p o n s e  was s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  t h e  age  o f  t h e  

w o r k e r s  from w h ich  t h e  g l a n d s  were  e x c i s e d  ( r  = . 9 5 ,  

p <  . 0 1 ) .  The t r e n d  i n  F i g u r e  5 i s  u n m i s t a k e a b l e . Re­

s p o n s e s  to w a rd  8 -  t o  12-week  o l d s  d i d  n o t  d i f f e r  s i g n i f i ­

c a n t l y .  W ith  t h e  e x c e p t i o n  o f  9-week o l d s ,  t h e y  a l s o  d i d  

n o t  d i f f e r  s i g n i f i c a n t l y  f rom t h e  5-m onth  o l d s .  I n  g e n e r a l ,  

t h e  p o i s o n  g l a n d  t r a i l s  f rom t h i s  o l d e r  g ro u p  e l i c i t e d  s i g ­

n i f i c a n t l y  more f o l l o w  r e s p o n s e s  t h a n  t r a i l s  from t h o s e  

y o u n g e r  t h a n  7 weeks (F  = 2 7 . 7 ,  p <. . 0 0 0 1 ,  N-K t e s t ) .

G la n d s  from newly  e c l o s e d  c a l l o w s ,  t h e  1 - d a y  o l d s ,  e l i c i t e d  

s i g n i f i c a n t l y  l e s s  r e s p o n s e  t h a n  a l l  t h e  o t h e r  age  g r o u p s .  

F o l lo w  r e s p o n s e s  t o  p o i s o n  g l a n d  t r a i l s  f rom t h e  3 -  t o  7 -  

week o l d s  d i d  n o t  d i f f e r  s i g n i f i c a n t l y .

The i n i t i a l  r e a c t i o n  from t h e  o u t s i d e  w o r k e r s  i n  t h e  

a r e n a  was one o f  g e n e r a l  a l a r m .  They swarmed on t h e  con­

s t r u c t i o n  p a p e r  and r a n  a b o u t  e x c i t e d l y  f o r  a b o u t  30 

s e c o n d s  b e f o r e  s e t t l i n g  down t o  f o l l o w i n g  t h e  t r a i l .

D i s c u s s i o n

As h a r d n e s s  o f  t h e  e x o s k e l e t o n ,  volume o f  t h e  p o i s o n  

g l a n d  r e s e r v o i r ,  and c o n c o m i t a n t  e f f e c t  o f  t h e  t r a i l  p h e r -  

omone on  o u t s i d e  w o r k e r s  i n c r e a s e s ,  t h e  g e n e r a l  s t a t e  o f



F i g u r e  5 .  Response  o f  f o r a g e r s  t o  p o i s o n  g l a n d  

a l a r m / t r a i l  pheromone t a k e n  f rom s e l e c t e d  age  g r o u p s .
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t h e  o v a r i e s  goes  i n t o  e v e n t u a l  d e c l i n e .  I n  g e n e r a l ,  t h e  

s i z e s  and number o f  eggs  i n c r e a s e  up t h r o u g h  t h e  4^ week, 

r e m a in  r e l a t i v e l y  t h e  same f o r  a n o t h e r  4  w eeks ,  and  t h e n  

d e g e n e r a t e .  The volume o f  t h e  p o i s o n  g l a n d  r e s e r v o i r  

p l a t e a u s  a t  a b o u t  t h e  same t im e  a s  do t h e  number and s i z e s  

o f  e g g s ,  and re m a in s  a t  a p p r o x i m a t e l y  t h a t  volume f o r  a 

s i m i l a r  p e r i o d  o f  t i m e ,  t h a t  i s ,  from a b o u t  t h e  4^  t h r o u g h  

t h e  8® week.  I t  t h e n  grows n o t i c e a b l y  i n  s i z e  a s  t h e  

o v a r i e s  a r e  d e g e n e r a t i n g .

The d e c l i n e  i n  t h e  o v a r i e s  b e g i n s  a ro u n d  t h e  6® week, 

d u r i n g  a t im e  when t h e  d o m e s t i c s  a r e  i n  a  t r a n s i t i o n a l  b e ­

h a v i o r a l  s t a g e  s i m i l a r  t o  t h a t  w h ich  L e n o i r  (1979)  found 

f o r  Tapinoma e m a t i c u m . At t h i s  s t a g e  t h e  young w o rk e r s  

spend  most o f  1he ir  t im e  i n  t h e  n e s t  s e e m in g ly  a t  r e s t  and 

h a v in g  l i t t l e  c o n t a c t  w i t h  t h e  b r o o d .  L e n o i r  w r i t e s  t h a t  

t h e y  a r e  r e a d y  t o  r e s p o n d  t o  any c o lo n y  n e e d ,  w h e th e r  

b ro o d  t e n d i n g  o r  f o r a g i n g ,  d u r i n g  t h i s  t r a n s i t i o n  t o  p e r ­

manent f o r a g e r  ( o u t s i d e  w o r k e r ) .

I n  N_-_ a l b i s e t o s u s . t h e  p e r i o d s  o f  d e v e l o p in g ,  r i p e ,  and 

d e g e n e r a t i n g  o v a r i e s  c o r r e s p o n d  w i t h  t h o s e  o f  Form ica  

p o l y c t e n a  ( O t t o ,  1 9 5 8 ) .  F u r t h e r ,  I  have done p i l o t  s t u d i e s  

w hich  c o r r o b o r a t e  o t h e r  i n t e r e s t i n g  f i n d i n g s  by O t t o :  when 

k e p t  w i t h o u t  p r o t e i n  o r  o l d e r  w o r k e r s ,  o v a r i e s  w i l l  a l s o
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f a i l  t o  d e v e l o p .  At 3 weeks o f  a g e ,  f o r  exam ple ,  a g ro u p  

o f  15 d o m e s t i c s  k e p t  w i t h o u t  p r o t e i n  had an  a v e r a g e  o f  10 

e g g s  e a c h ,  a p p r o x i m a t e l y  h a l f  t h e  amount i n  t h e  p r e s e n t  

s t u d y .  I n  a n o t h e r  s t u d y ,  where  t h e  number o f  s u b j e c t s  was 

s m a l l ,  t h e  number o f  e g g s  from age  g r o u p s  k e p t  w i t h o u t  

o l d e r  w o r k e r s  seem c o n s i d e r a b l y  l e rs s  t h a n  f o r  t h e  same age  

g r o u p s  i n  t h e  p r e s e n t  s t u d y .

As t h e  p o i s o n  g l a n d  r e s e r v o i r  i n c r e a s e s  i n  s i z e ,  i t s  

c o n t e n t s  a f f e c t  a  g r e a t e r  number o f  f o r a g e r s  i n  t h e  a r e n a ;  

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

when t h e  r e s e r v o i r  r e m a i n s  r e l a t i v e l y  t h e  same s i z e  i n d i ­

c a t e s  t h a t  t h e  q u a l i t y  o f  t h e  pheromone i t  c o n t a i n s  may be 

c h a n g i n g ,  t o o .  As H o l l d o b l e r  e t  a l .  (1978)  f o u n d ,  t h e  

w o r k e r s  f i r s t  r e s p o n d e d  t o  t h e  pheromone w i t h  a l a r m  b e f o r e  

s e t t l i n g  down t o  a few m in u t e s  o f  t r a i l  f o l l o w i n g .  As i n  

H o l l d o b l e r ' s  s t u d y ,  I  a l s o  found  t h e  pheromone t o  be v o l ­

a t i l e  and s h o r t - l i v e d :  a f t e r  5 m i n u t e s ,  t r a i l  f o l l o w i n g  

v i r t u a l l y  c e a s e d .  To t h e  pheromone t a k e n  from t h e  y o u n g e s t  

c a l l o w s ,  how ever ,  t h e r e  was l i t t l e  o r  no r e s p o n s e  e i t h e r  

o f  a n  a l a r m  o r  a t r a i l  f o l l o w i n g  n a t u r e .

The h a r d n e s s  o f  t h e  e x o s k e l e t o n  i n c r e a s e s  s t e a d i l y  up 

t h r o u g h  5 w eeks ,  by w h ich  t im e  p i g m e n t a t i o n  i s  c l o s e  enough 

t o  t h a t  o f  m a tu re  a d u l t s  t o  make i t  d i f f i c u l t  t o  t e l l  them



a p a r t  on t h e  b a s i s  o f  c o l o r .  F o r  t h e  n e x t  3 w eeks ,  t h e  

r a t e  o f  h a r d e n i n g  s lo w s  d r a m a t i c a l l y .  A f t e r  t h e  8® week 

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

m e n t a l  s t a g e  found  by  McDonald and T o p o f f  (1985)  t o  be t h a t  

t i m e  when t h e  d o m e s t i c s  become o u t s i d e  w o r k e r s ,  s p e n d i n g  

h a l f  o f  t h e i r  t im e  o u t s i d e  t h e  n e s t .  T h i s  f i n a l  h a r d e n i n g  

may be p rom pted  by e x p o s u r e  t o  d r i e r  a i r  o u t s i d e  t h e  n e s t .  

I n  t h e  f i e l d ,  u l t r a - v i o l e t  r a d i a t i o n  f rom t h e  i n t e n s e  

d e s e r t  s u n l i g h t  may a l s o  h a s t e n  d a r k e n i n g  p i g m e n t a t i o n  and 

h a r d e n i n g  o f  t h e  e x o s k e l e t o n .



G e n e r a l  D i s c u s s i o n  

T h a t  t e m p o r a l  p o l y e t h i s m  can  be a l t e r e d  a c c o r d i n g  t o  

t h e  n e e d s  o f  t h e  c o lo n y  i s  n o t  new t o  t h i s  d i s s e r t a t i o n  

(S u d d ,  1 9 6 7 ) .  But " c o lo n y  n e e d s "  h a s  n e v e r  b e e n  a h e l p f u l  

c o n s t r u c t  i n  u n d e r s t a n d i n g  t h e  b e h a v i o r a l  d e v e lo p m en t  o f  

w o r k e r s  i n  an  a n t  c o l o n y .  S im ply  c i t i n g  h u n g e r  a s  a  gen­

e r a l  c o lo n y  need  i n d u c i n g  a n t s  t o  f o r a g e ,  f o r  exam ple ,  

would  n o t  have  l e d  t o  t h e  c o n c l u s i o n  t h a t  t h e r e  a r e  a t  l e a s t  

two c l u s t e r s  o f  s t i m u l i  coming f rom t h e  l a r v a e  t o  w h ich  

w o r k e r s  o f  d i f f e r e n t  a g e s  have  d i f f e r e n t  t h r e s h o l d s .

We c an  now t r y  t o  a s c e r t a i n  t h e  n a t u r e  and s o u r c e s  o f  

t h o s e  s t i m u l i  and t h e  s e n s i t i v i t y  o f  t h o s e  t h r e s h o l d s .  F o r  

ex am p le ,  I  have  r e p e a t e d  t h e  l a r v a l  c h e m o t a c t i l e  e x p e r im e n t  

f rom  P a r t  I  o f  t h i s  s t u d y ,  u s i n g  f e w e r  d o m e s t i c s ,  w i t h  t h e  

r e s u l t  o f  i n c r e a s i n g  d o m e s t i c  t im e  s p e n t  o u t s i d e .  I t  w i l l  

be i n t e r e s t i n g  t o  see  i f  c o n t a c t  w i t h  t h e  p o s t e r i o r  ends  

o f  t h e  l a r v a e  have a s i m i l a r  e f f e c t  on d i f f e r e n t  numbers 

o f  d e v e l o p i n g  d o m e s t i c s .  L a r v a l - w o r k e r  t r o p h a l a c t i c  e x ­

c h a n g e s  and t h e i r  e f f e c t s  on o n t o g e n e t i c  p r o c e s s e s  i n  

s o c i a l  o r g a n i z a t i o n  s h o u ld  be a  p r o m is in g  a r e a  o f  r e s e a r c h .

As a second  exam ple ,  I have r e p l i c a t e d  t h e  o u t s i d e -  

w o r k e r  r em ova l  c o n d i t i o n  u s i n g  d i f f e r e n t  numbers and r a t i o s  

o f  b ro o d  and v a r y i n g  amounts  o f  fo o d ,  i n c l u d i n g  none ,  and
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h a v e  n o t  b e e n  a b l e  t o  a c c e l e r a t e  b e h a v i o r a l  deve lop m en t  t o  

o u t s i d e  w o r k e r  l e v e l s  i n  much u n d e r  2 w e e k s .  I t  i s  i n t e r ­

e s t i n g  t o  n o t e  t h a t  t h i s  i s  a b o u t  t h e  l i m i t  t h a t  |L_ a l b i s e -  

t o s u s  s t a y s  a l i v e  w i t h  w a t e r  and  l i t t l e  o r  no f o o d .  As 

s u c h  i t  may be a hedge  on t h e  u r g e n c y  o f  an  i n c i p i e n t  c o l ­

o n y '  s need  t o  have  t h e  c a l l o w s  f o r a g e  a t  a n  age when t h e y  

a r e  most  l i k e l y  t o  d i e  i n  t h e  p r o c e s s .  The f l e x i b i l i t y  o f  

t e m p o r a l  p o l y e t h i s m ,  t h e n ,  may be r o o t e d  i n  t h e  e x i g e n c i e s  

o f  a n  i n c i p i e n t  c o lo n y :  s k i t t i s h ,  s t u n t e d ,  i n i t i a l  w o r k e r s  

( r e f e r r e d  t o  a s  n a n i t i c  w o r k e r s  by O s t e r  and  W ilso n ,  1978) 

m ust  f o r a g e  a t  a n  e a r l y  a g e ,  much e a r l i e r  t h a n  t h e y  would 

i n  an  o l d e r ,  l a r g e r  c o lo n y  where  t e m p o r a l  p o l y e t h i s m  may 

g i v e  t h e  a p p e a r a n c e  o f  b e i n g  l e s s  f l e x i b l e .

Brood s t i m u l a t i o n  must combine w i t h  a  h o s t  o f  o t h e r  

s t i m u l i  i n  t h e  p r o c e s s  o f  b e h a v i o r a l  d e v e lo p m e n t .  When dom­

e s t i c s  b e g i n  t o  l e a v e  t h e  n e s t  t h e y  e v e n t u a l l y  e x p e r i e n c e  

d a y l i g h t .  I t  i s  known t h a t  some a n t s ,  a s  t h e y  a g e ,  become 

s l i g h t l y  p h o t o t a x i c ,  t h e r e b y  r e v e r s i n g  t h e i r  p r e f e r e n c e  

when y o u n g e r .  Once o u t s i d e ,  t h e y  f o r a g e ,  d e f e n d ,  l e a r n  

l o c a l  t o p o g r a p h y ,  p a t r o l ,  e x c a v a t e ,  and r e s t — a l l  a c t i v i t i e s  

w h ic h  keep  them away from t h e  b r o o d .  F u r t h e r ,  t h e  queen  and 

b ro o d  o f t e r  f e e d  o n  t r o p h i c  eggs  from t h e  d o m e s t i c s .

W orkers  whose eggs  have und e rgo n e  r e s o r p t i o n  may have  l e s s
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t o  do w i t h  queen  and b ro o d  b e c a u s e  o f  t h i s .  C e r t a i n l y ,  t h e  

Novomessor q u e en ,  w h ic h  f e e d s  l a r g e l y  on w o r k e r s ’ e g g s ,  

w ou ld  be l e s s  w e l l  t a k e n  c a r e  o f  by a  w o r k e r  w h ich  c o u ld  

n o t  p r o v i d e  t r o p h i c  e g g s .  When t h e  b e h a v i o r a l  deve lopm en t  

o f  c a l l o w s  i s  a c c e l e r a t e d  i n  t h e  a b s e n c e  o f  o u t s i d e  w o r k e r s ,  

i t  may be i n  p a r t  b e c a u s e  o f  t h e  e a r l i e r  d e g e n e r a t i o n  and 

r e s o r p t i o n  o f  t h e i r  e g g s .  W itho u t  t h e i r  e g g s  t h e y  would  

have  l e s s  t o  o f f e r  t h e  b ro o d  and queen  by way o f  d i r e c t  con­

t a c t ;  t h e y  would t h u s  behave  more l i k e  o u t s i d e  w o r k e r s  w i t h  

t h e i r  a b s e n c e  o f  b ro o d  and queen  c o n t a c t .

E v id e n c e  from t h i s  s t u d y  i n d i c a t e s  t h a t  t h e r e  i s  l e s s  

f l e x i b i l i t y  i n  t h e  deve lo pm en t  o f  d e f e n s i v e  b e h a v i o r  t h a n  

i n  t h o s e  b e h a v i o r s  a s s o c i a t e d  w i t h  t h e  d eve lop m en t  o f  domes­

t i c s  i n t o  o u t s i d e  w o r k e r s .  O s t e r  and  W ilson  (1978)  make a 

good c a s e  f o r  t h e  t i m i d i t y  o f  n a n i t i c  w o r k e r s  and why t h e y  

a v o id  a g g r e s s i v e  e n c o u n t e r s :  The l o s s  o f  f i v e  w o r k e r s  from 

a  c o lo n y  o f  t h o u s a n d s  may be w e l l  w o r th  t h e  p r i c e  i f  i t  

k e e p s  enemy s c o u t s  from t h e i r  t e r r i t o r y ;  t h e  l o s s  o f  f i v e  

f rom a n  i n c i p i e n t  c o lo n y  o f  t e n  c o u ld  v e r y  l i k e l y  be f a t a l  

t o  t h e  c o lo n y .  O s t e r  and W ilson  a rg u e  e rg o n o m ic s— g a i n  and 

l o s s ,  c o s t  and e f f i c i e n c y .

C a l low s  which  a r e  n o t  n a n i t i c ,  however ,  and a r e  p a r t  o f  

a  l a r g e r  c o lo n y  i n  w h ich  t h e r e  a r e  many o t h e r  age g ro u p s
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a r e  much l e s s  t i m i d  and w i l l  a t t a c k  when t h e y  a r e  4- weeks 

o l d ,  b u t  g i v e n  a c h o i c e  t h e y  w i l l  f l e e .  Even i n  t h e  i n ­

s t a n c e s  when y o u n g e r  w o r k e r s  a t t a c k e d  army a n t s ,  i t  was 

a lw a y s  t h e  o l d e r ’w o r k e r s  w h ich  f i r s t  p o u red  from t h e  n e s t  

e n t r a n c e  t o  s e t  upon t h e i r  a d v e r s a r i e s .

The u s u a l  wisdom i n  c a s e s  o f  d e f e n s i v e  b e h a v i o r  i n  t h e  

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

m o d i f i a b l e  t h a n  o t h e r s  b e c a u s e  so o f t e n  t h e y  must  be p e r ­

form ed p r o p e r l y  t h e  f i r s t  t im e  t h e y  a r e  n e e d e d .  D ea th  may 

o t h e r w i s e  be t h e  r e s u l t .  C e r t a i n l y  o l d e r  o u t s i d e  w o rk e r s  

a r e  more e f f i c i e n t  k i l l e r s  t h a n  t h e  young d o m e s t i c s :  army 

a n t  i n j u r y  and m o r t a l i t y  was h i g h e r  i n  c o n f r o n t a t i o n s  w i t h  

t h e  o l d e r  age g r o u p s .

That  t h e  e a r l y  a p p e a r a n c e  o f  a t t a c k  i n  s i g n i f i c a n t  num­

b e r s  d i d n ' t  happen  i n  t h e  f i e l d  c o lo n y  u n t i l  t h e  4-  ̂ t o  5-  

weeks o f  age  may have so m e th in g  t o  do w i t h  t h e  h a r d n e s s  o f  

t h e  d o m e s t i c s '  e x o s k e l e t a .  R e c a l l  t h a t  be tw een  a b o u t  5 and 

8 weeks t h e r e  i s  no s t a t i s t i c a l l y  s i g n i f i c a n t  h a r d e n i n g  o f  

t h e  e x o s k e l e t o n .  I t  may be assum ed,  t h e n ,  t h a t  some 4—week 

o l d s  a r e  a s  a b l e  a s  8-week o l d s  t o  r e s i s t  an  army a n t ' s  

s t i n g s  and b i t e s .  (Though army a n t s  seem t o  go f o r  j o i n t s  

when s t i n g i n g ,  t h e y  w i l l  im m o b i l i z e  young c a l lo w s  by s t i n g ­

i n g  t h r o u g h  t h e i r  t h o r a c i c  e x o s k e l e t a ) .  I f  a 4—week o l d ' s



m a n d i b u l a r  m u s c le s  a r e  a s  d e v e lo p e d  a s  t h o s e  o f  8-week 

o l d s ,  b o t h  may be e q u a l l y  c a p a b le  o f  d e f e n d i n g  t h e  n e s t .

I t  w i l l  be remembered t h a t  some t im e  d u r i n g  t h e s e  weeks ,  do­

m e s t i c s  o f  a l b i s e t o s u s  go t h r o u g h  a  t r a n s i t i o n a l  behav­

i o r a l  p e r i o d  when t h a y  b e g i n  t o  spend  l e s s  t im e  on t h e  b ro o d  

and become more a v a i l a b l e  f o r  o u t s i d e  w ork .  One such  o u t ­

s i d e  t a s k  m ig h t  be d e f e n s e ,  b u t  i t  t o o k  a n  e x c e p t i o n a l  e f ­

f o r t  t o  make t h i s  b e h a v i o r  s u r f a c e  a t  su ch  an  e a r l y  a g e :  

e i g h t  c o n f r o n t a t i o n s  w i t h  t h o u s a n d s  o f  army a n t s  o v e r  3 

w eek s .  These f o r c e d ,  p r o lo n g e d  e x p o s u r e s  t o  t h e  d r y  A r izo n a  

a i r  may have h a s t e n e d  t h e  h a r d e n i n g  o f  t h o s e  d o m e s t i c s '  ex­

o s k e l e t a ,  which  may have made them e ven  more a v a i l a b l e  f o r  

a g g r e s s i v e  d e f e n s e .

The e f f e c t  o f  t h e  t r a i l  pheromone on  f o r a g e r s  i n  t h e  

a r e n a  i n c r e a s e d  w i t h  t h e  age o f  t h e  g roup  o f  p o i s o n  g la n d  

d o n o r s .  T h is  e v id e n c e  i n d i c a t e s  t h a t  c a l l o w s  would make i n ­

e f f i c i e n t  f o r a g e r s  i f  t h e i r  t r a i l s  were t o o  weak o r  s h o r t ­

l i v e d  t o  f o l l o w .  However, i t  i s  c l e a r  t h a t  t h e y  w i l l  f o r ­

age  a t  an  e a r l y  age i n  t h e  a b sen c e  o f  o l d e r  w o r k e r s .  An 

i n t e r e s t i n g  o b s e r v a t i o n  r e g a r d i n g  t h e i r  e a r l y  e f f o r t s  i s  

t h a t  t h e  d o m e s t i c s  u se d  t a c t i l e  c u e s  more t h a n  do o u t s i d e  

w o r k e r s .  They hugged t h e  p e r i p h e r y  o f  t h e  a r e n a  and to u c h e d  

t h e  L u c i t e  w a l l s  w i t h  t h e i r  a n t e n n a e .  I n i t i a l l y ,  t h e y
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r a i d e d  t h e  midden p i l e  a g a i n s t  a w a l l  o f  t h e  a r e n a  and u se d  

t h i s  f o r  f o o d .  F r e s h  food  l a y  ou t  i n  t h e  sand  w i t h i n  a  few 

c e n t i m e t e r s  o f  t h e  n e s t  e n t r a n c e .  When g o in g  o u t  i n t o  open 

sand y  a r e a s  t h e y  e x p l o r e d  c a u t i o u s l y ,  and  t h e r e  was no r e ­

c r u i t m e n t  t o  t h e  fo od  when one o f  them found  i t .  Each 

w o r k e r  had t o  come a c r o s s  t h e  food< on h e r  own. They c o u ld  

f o r a g e ,  b u t  i t  w a s n ' t  e f f i c i e n t .  E v i d e n t l y ,  how ever ,  t h e  

work g e t s  done:  Out i n  n a t u r e  a l l  Movomessor c o l o n i e s  b e g i n  

t h i s  way.

The chang es  i n  t h e  h a r d n e s s  o f  t h e  e x o s k e l e t o n ,  s i z e  o f  

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

and s t a t e  o f  t h e  o v a r i e s  a l l  o c c u r  d u r i n g  c o n c o m i ta n t  b e ­

h a v i o r a l  c h a n g e s .  These phenomena do n o t  o c c u r  s e p a r a t e l y ,

b u t  a s  a  dynamic complex o f  d e v e lo p m e n ta l  p r o c e s s e s .  Cer­

t a i n l y  i n  t h e  c a se  o f  t h e  o v a r i e s ,  deve lopm ent  c an  be a f ­

f e c t e d  by s o c i a l  changes  i n  t h e  c o lo n y .  And i n  one i n t e r ­

e s t i n g  d ev e lo p m en t ,  where  I  r e p l i c a t e d  p a r t  o f  t h e  l a r v a l  

c h e m o t a c t i l e  m a n i p u l a t i o n ,  t h e  e x o s k e l e t a  f a i l e d  t o  h a rd e n  

and d a rk e n  on a group  o f  s i x  d o m e s t i c s  a f t e r  3 m onths .

They were a s  s o f t  t o  t h e  t o u c h  a s  week o l d  c a l l o w s ,  and i n  

e v e r y  way a p p e a re d  a s  such ;  y e t ,  upon c h e c k in g ,  t h e i r  o v a r  . 

r i e s  had b e en  a lm o s t  t o t a l l y  r e s o r b e d .  I n  b e h a v i o r a l  de­

ve lop m en t  t h e y  were somewhat l i k e  6 -  o r  7-week o l d s .



But g i v e n  a l l  t h e  c o m p l e x i t y  i n  t h e  b e h a v i o r a l  d e v e l o p ­

ment o f  L  a l b i s e t o s u s , t h i s  s t u d y  h a s  shown t h a t  b rood  

s t i m u l a t i o n  i s  a  m a jo r  p r o x im a l  c a u s a t i o n  u n d e r l y i n g  t h e  

s o c i a l  bonds o f  t h e  c o l o n y .  As su ch ,  i t  i s  an  e x t e n s i o n  o f  

T.  C. S c h n e i r l a ' s  w ork .  S c h n e i r l a  (1957)  f o r m u l a t e d  a 

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

c y c l e  i n  army a n t s .  The c y c l e  i s  s t r o n g l y  c o r r e l a t e d  w i t h  

a  s y n c h r o n i z e d  p a t t e r n  o f  b ro o d  d e v e lo p m e n t .  But b rood  

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

ment i n  Fj_ a l b i s e t o s u s . a n  a n t  s p e c i e s  n o t  c l o s e l y  r e l a t e d  

t o  t h e  D o ry l i 'n e s ,  and d e f i n i t e l y  n o t  n o m ad ic . I t  seems 

l i k e l y ,  however  t h a t  a s t i m u l a t i o n  so p o w e r fu l  a s  t o  c a u se  

such  a  n o t i c e a b l e  change  i n  t h e  s o c i a l  b e h a v i o r  o f  a n  army 

a n t  c o lo n y ,  would be a v a i l a b l e  i n  some form t o  o t h e r  s p e c i e s  

o f  a n t s  a s  w e l l ,  s i n c e  a l l  a r e  s u b j e c t  t o  s t i m u l a t i o n  from 

l a r v a e  and e c l o s i o n .  Such s t i m u l a t i o n ,  o f  c o u r s e ,  would be 

m a n i f e s t  i n  a s p e c i e s  t y p i c a l  manner ;  b u t  I  t h i n k  t h a t  

b ro o d  s t i m u l a t i o n  may p ro v e  t o  u n d e r l i e  t h e  s o c i a l  bonds ,  

by way o f  b e h a v i o r a l  d ev e lo p m e n t ,  o f  most  a n t  s p e c i e s  and 

o t h e r  s o c i a l  hy m en op te ran s  a s  w e l l .
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