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The  Tab le  shows t h a t  f o r m a t i o n  of labe l led  t h y r o x i n e  
g r adua l l y  increased  p r o p o r t i o n a t e l y  f rom 90 to 120 m i n  
an d  f u r t h e r  increase  in t he  labe l led  t h y r o x i n e  syn thes i s  
was  no t  obse rved  in 130 m i n  i n c u b a t e d  sample .  W h e n  t he  
a m o u n t  of head  k i d n e y  soluble  p r o t e i n  was increased  to 
double  a n d  i n c u b a t e d  for  t he  same  periods,  t he  q u a n t i t y  of 
t h y r o x i n e  fo rmed  in  a l m o s t  doub le  q u a n t i t y  (Table),  wh ich  
ind ica tes  t h a t  f o r m a t i o n  of t h y r o x i n e  is a n  e n z y m a t i c a l l y  
ca ta lyzed  process. This  is aga in  e v i d e n t  f rom t he  fac t  t h a t  
w h e n  head  k i d n e y  soluble  s u p e r n a t a n t  was  boi led a t  100 ~ 

Formation of thyroxine by head kidney soluble supernatant 

Head kidney Incubation time 13~I incorporated 
soluble supernatant (nfin) into thyroxine 
(mg) (%) 

1.5 

3.0 

(in a w a t e r  b a t h ,  for 10 rain),  cooled a n d  t h e n  incuba t ed ,  
no v is ib le  b a n d  was obse rved  a t  t he  region of t h y r o x i n e  
and  DIT .  Besides,  t he  q u a n t i t y  of h e a d  k i d n e y  soluble 
p ro t e in  is a v e r y  i m p o r t a n t  factor .  W h e n  1 m g  of soluble 
s u p e r n a t a n t  was  i n c u b a t e d  for  90 min,  no  v is ib le  b a n d  
co r re spond ing  to  t h y r o x i n e  m a r k e r  was  observed .  Thus ,  
t he  m i n i m u m  r e q u i r e m e n t  of h e a d  k i d n e y  soluble  
f r ac t ion  to  observe  t h y r o x i n e  f o r m a t i o n  a t  90 mil l  
i n c u b a t e d  sample  was 1.5 rag~3.0 ml  of i n c u b a t i o n  mix tu re .  

As t h y r o i d  fol l icular  s t r u c t u r e  are p r e sen t  in  t he  head  
k i d n e y  of te leos t  f ishes a-s, a n d  as t he  h e a d  k i d n e y  soluble 
s u p e r n a t a n t  of th i s  te leos t  f ish possesses a pe rox idase  
which  s ign i f i can t ly  oxidizes t he  iodide in to  t r i iod ide  ~, t h e  
p r e sen t  o b s e r v a t i o n  of t he  f o r m a t i o n  of t h y r o x i n e  b y  t he  
same  f ish and  b y  t he  same fl 'action,  give f u r t h e r  s u p p o r t  
to  t he  possible  role of te leos t  f ish head  k i d n e y  in t he  
b iosyn thes i s  of t h y r o i d  hormone .  

Zusammenfassung.  I n  der  16slichen t i be r s t ehenden  
F r a k t i o n  (105,000Xg) der  Kopfn ie re  des K n o c h e n l  

9O 0.6 
100 0.8 f isches A nabas testudineus wurde  ein E n z y m  nachgewiesen,  
110 1.1 welches die S y n t h e s e  des T h y r o x i n s  ka ta lys ie r t .  Die 
120 1.4 Menge des 16slichen N ie r enp ro t e in s  u n d  die I n k u b a t i o n s -  
130 1.4 zei t  s te l len zwei l imi t i e r ende  F a k t o r e n  ffir die iI v i t ro -  

Syn these  des T h y r o x i n s  dar.  
90 1.2 
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Juvenile Hormone Promotes  Dominance Behavior and Ovarian Development in Social 
Wasps ( Pol is tes  annu lar i s  ) 

The  females  of a Polistes (Vespidae) co lony h a v e  a 
d o m i n a n c e  h i e r a r c h y  o rgan ized  w i t h  t h e  queen  (as t he  
p r e e m i n e n t  aggressor  a n d  egg-layer) in t h e  e -pos i t ion  a n d  
t he  workers  a r r a n g e d  l inea r ly  b e n e a t h  her1, ~. E v e n  
t h o u g h  all  females  are  v e r y  s imi la r  e x t e r n a l l y  3, t he re  is 
s t r i k ing  d i f fe ren t ia l  o v a r i a n  d e v e l o p m e n t  wh ich  is 
cor re la ted  w i t h  pos i t ion  in t he  d o m i n a n c e  h i e r a r c h y  ~. 
However ,  wasps  of a co lony  r e t a i n  t h e i r  d o m i n a n c e  
s t a t u s  a f t e r  be ing  ovar iec tomizeda .  

M a n y  s tudies  h a v e  shown  t h e  effects  of gonada l  hor-  
mones  on  v e r t e b r a t e  aggress ion  a n d  d o m i n a n c e  hier-  
a rchies  5. Juven i l e  h o r m o n e  (JH),  t he  endocr ine  p r o d u c t  
of t he  co rpora  a l la ta ,  is t h e  g o n a d o t r o p i n  of m o s t  female  
insec ts  6 and  top ica l  a p p l i c a t i o n  of J H  can  p r o m o t e  
o v a r i a n  g r o w t h  in PolistesL J H  is also k n o w n  to  af fec t  
m a t i n g  b e h a v i o r  a n d  p h e r o m o n e  p r o d u c t i o n  in m a n y  
insectsS a n d  to a l t e r  cas te  s t r u c t u r e  a n d  t he  t i m e  course 
of specific labors  in  honeybees  9. However ,  t h i s  is t h e  f i rs t  
r e p o r t  of a n  insec t  h o r m o n e  a f fec t ing  aggress ion  or 
d o m i n a n c e  in te rac t ions .  

Colonies of Polistes annularis were col lected in la te  May  
f rom one loca l i ty  on  Lake  Trav i s  n e a r  Aus t in ,  Texas.  
E a c h  of t he  16 nes t s  was  glued in  t h e  corner  of a 15 cm • 
15 cm plexiglass  a n d  screen o b s e r v a t i o n  cage. Nes t s  were 
chil led a t  4 ~ p r io r  to  m a n i p u l a t i o n  of t he  wasps.  W a s p s  
were p r o v i d e d  w i t h  l ive ca te rp i l l a r s  and  w a t e r  ad  l i b i t u m  
d u r i n g  t he  expe r im en t .  On t he  d a y  a f t e r  c ap t u r e  t h e  
queens  were d e t e r m i n e d  b y  observers  (R.H.,  T .K.  and  
L.J .L. )  accord ing  to  b e h a v i o r a l  c r i te r ia  1, 3. The  n e x t  d a y  
4 workers /cage  were g iven  a color-coded m a r k i n g  accord-  
ing to  t he  t r e a t m e n t  t h e y  were to  receive  a n d  su rp lu s  
workers  were r emoved .  W a s p s  ecdys ing  d u r i n g  t he  
e x p e r i m e n t  were d e s i g n a t e d  ' newly -emerged '  a n d  lef t  
in  t he  cage. A t  noon  da i ly  for  4 days  t he  cages were chi l led 

a n d  10 ~xl of ace tone  c o n t a i n i n g  20 y.g t e s t  s u b s t a n c e  (or 
oil) were appl ied  to  t h e  a b d o m e n s  of 3 workers /cage .  The  
iden t i t i e s  of t he  t e s t  subs t ances  were no t  revea led  to  t he  
observers ,  b u t  inc luded  J H  I I I ,  3 J H  analogs ,  a n d  
3 iden t ica l  so lu t ions  of ol ive oil. E a c h  cage was t r e a t e d  
w i t h  2 d i f fe ren t  h o r m o n e s  a n d  oil. The  J H  a n d  ana logs  
were a gif t  of Zoecon Corp.,  Pa lo  Alto,  Cal., a n d  were 
90% pure,  80% of wh ich  was  t he  ac t ive  trans, trans, cis- 
isomer.  On t he  6 th  d a y  wasps  were sacr i f iced a n d  t he  
l e n g t h  of the  3 l a rges t  oocytes  d e t e r m i n e d  w i t h  a n  ocular  
mic romete r .  A d d i t i o n a l  colonies were e s t ab l i shed  l a t e r  as 
cont ro l s  u n d e r  t he  same  cond i t ions  excep t  t h a t  t he re  
were e i t he r  no  t r e a t m e n t s  or on ly  ace tone  and  oil were 
a d m i n i s t e r e d  (to 3 wasps/cage) .  B e h a v i o r a l  obse rva t i ons  
of t he  i n t e r ac t i ons  b e t w e e n  colony m e m b e r s  were m a d e  
each  d a y  2-3 h a f t e r  t r e a t m e n t  a n d  on t he  d a y  of sacrifice. 
F r o m  these  obse rva t i ons  t he  fol lowing s y s t e m  of r a n k i n g  
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Effects of topical application of juvenile hormone and its analogs on workers of the primitive social wasp, Polistes annularis 

Treatment group N Group means Average colony rank by ovarian development 

Longest oocytes ?clean oocyte length Behavioral score Queenright colonies Fallen queen colonies 
(mm) (mm) (n) (n) 

Queens 16 2.25 2.04 2.81 1.00 (12) 4.75 (4) 

Hormone treatments 
JH i i i  o 9 1.44 1.30 b 2.00 2.43 (7) 1.50 (2) 
ZR-520 a 7 1.32 1.11 1.43 3.40 (5) 1.00 (2) 
ZR-515 e 7 1.14 0.96 1.57 3.80 (5) 1.50 (2) 
ZR-512 f 7 1.06 0.89 1.29 3.60 (5) 2.50 (2) 
Combined 30 1.22 1.08 1.60 3.23 (22) 1.63 (8) 

Controls 

Oil 16 1.02 0.91 1.33 3.09 (12) 3.50 (4) 
Untreated 12 1.12 0.94 0.33 3.78 (9) 3.00 (3) 
Newly emerged 22 0.27 0.16 0.19 6.16 (18) 6.75 (4) 

Significant linear regression of mean oocyte lengths on behavioral score, p < 0.001. b Significantly different from oil treated controls, p <0.05. 
o Methyl-10,11-epoxy-3,7,11-trimethyl-2,6-dodeeadienoate. a Ethyl-ll-methoxy-3,7,11-trimethyl-2,4-dodecadienoate. e Isopropyl-ll- 
methoxy-3,7,11-trimethyl-2,4-dodeeadienoate (Altosid| f Ethyl-3,7,11-trimethyI-2,4-dodeeadienoate (AItozar| 

individuals '  behavior  was developed:  holds and aggres- 
sively defends  a nes t - face  posi t ion and usually domina tes  
o ther  individuals  in in teract ions ,  3; f r equen t ly  aggressive 
in encounters  and of ten  dominan t ,  2 ; f r equen t ly  aggressive 
in encounters  bu t  seldom dominan t ,  1; se ldom or never  
aggressive in encounte rs  and  always submissive,  0. 

Af ter  ho rmone  t r e a t m e n t  a colony 's  demeanor  under-  
wen t  a s ignif icant  change.  The f requency  of dominance  
in te rac t ions  rose sharply.  Whereas ,  prior  to t r e a t m e n t  
and  in tile cont ro l  colonies all individuals  spen t  consider-  
able t ime res t ing  on the  nest ,  the  queens  of exper imenta l  
colonies of ten  aggressively repel led colony members .  
There  was  increased m o v e m e n t  abou t  the  cage by  J H  
t r ea t ed  and control  individuals  and  for some individuals  i t  
seemed to focus on the  nes t  face. D i sp lacemen t  f rom a 
nes t  face posit ion,  which  is a good ind ica tor  of h ie ra rchy  
posi t ion,  h a p p e n e d  somet imes  even to  queens.  However ,  
newly-emerged  workers  were allowed to r emain  on the  
nes t  whe the r  working or res t ing  and were seldom th rea t -  
ened. 

Newly  emerged  individuals  normal ly  do no t  exhib i t  
ovar ian  deve lopmen t  for up to a week following ecdysis  7. 
However ,  dissect ion revealed t h a t  all ma tu r e  individuals  
in t he  exper imen ta l  colonies had  some oocyte  growth.  
There  was a s ta t i s t ica l ly  s ignif icant  difference in oocyte  
size according to the  Kruskal -Wal l i s  t e s t  10 only be tween  
the  na tura l  J H  t r ea t ed  animals  and  the  oil t r ea t ed  controls,  
a l though  all t r ea t ed  groups showed some mean  increase in 
size over  controls  (Table). Queens of 12 of 16 exper imen ta l  
colonies had  oocytes  abou t  twice as long as those  of any  
o ther  adults .  4 colonies had  individuals  which  showed 
queen-l ike behav ior  b u t  possessed small  degenera t ing  
oocytes.  There  is a t e n d e n c y  for inf i rm or d isplaced 
queens  to  fall rap id ly  in t he  h ie ra rchy  of the  colony ~ and 
such a fall was ind ica ted  in these  4 individuals  in t h a t  t h e y  
spen t  l i t t le t ime  on the  nes t  face. In  these  ' fal len- queen '  
colonies, J H  or ana log- t rea ted  individuals  had  a clear 
advan t age  in ovary  deve lopment .  Whi le  the  mean  oocyte  
l eng th  averaged  over  all h o r m o n e - t r e a t e d  individuals  was 
1.08 mm,  the  value for those  f rom fal len-queen colonies 
was 1.91 ram. Oocyte  g rowth  did no t  occur among  the  
workers  in the  control  colonies. 

The corre la t ion be tween  ovar ian  size and  posi t ion ill the  
dominance  h ie ra rchy  2 was ma in t a ined  under  these  
exper imen ta l  condit ions.  A regression of ovary  size on 
dominance  score for all individuals  yields a h ighly  

s ignif icant  equa t ion  (p < 0.001) : dominance  score = 0.92 
(mean oocyte  s i z e ) +  0.344. If the  ho rmone  t r e a t m e n t  
affected vitel logenesis  bu t  no t  dominance  one would no t  
expec t  th is  re la t ionship  to be main ta ined .  In  fact ,  t he  
correlat ion of mean  oocyte  size and aggressive behav ior  
was s t ronger  for the  c o m b i n e d  h o r m o n e - t r a t e d  group 
t h a n  for the  oi l - t rea ted controls.  Kenda l l ' s  coefficients of 
r ank  correla t ion 1~ were 0.28 ( p <  0.05) and  0.23 (p < 0.10) 
respect ively .  

The da t a  show t h a t  ho rmone  t r e a t m e n t  gave an 
advan tage  b o t h  in behav ior  and ovar ian  deve lopment ,  
t h o u g h  J H  ac t iv i ty  was ev iden t  in contro l  individuals  as 
well. Though  some J H  m a y  have  ru b b ed  off t r e a t ed  
animals  onto  contro l  individuals ,  we propose  a second 
hypo thes i s  to  expla in  the  ev iden t  oocyte  g rowth  in these  
controls.  The exper imen ta l  millieu d i s rup ted  the  usual ly 
s t r ingen t  cont ro l  of worker  behav ior  and  ovar ian  develop-  
m e n t  by  the  queen.  By  a l ter ing the  ho rmone  t i t e r  of 
ma t u r e  individuals ,  the  s t ruc tu re  of the  dominance  
h ierarchy was weakened  owing to the  ensuing aggressive- 
ness of these  workers.  We  suggest  t h a t  th is  d i s rup t ion  of 
the  h ie ra rchy  p rec ip i t a t ed  a condi t ion  of decreasing 
inhib i t ion  of worker  corpora  al la ta  by  the  queen al lowing 
ac t iva t ion  of the  worker  glands via  neuroendocr ine  
p a t h w a y s  and resul t ing in vi tel logenesis  and  dominance  
behav ior  in b o t h  t r e a t ed  and  control  individuals .  

Summary. Rep ea t ed  topical  appl ica t ion  of juvenile  
ho rmone  to  workers  of the  p r imi t ive  social wasp,  Polistes 
annularis resul ted  in a d i s rup t ion  of colony social s t ruc-  
ture  as indica ted  by  a sharp  increase in t he  f requency  of 
dominance  in teract ions .  Ovar ian  m a t u r a t i o n  was also 
observed,  p ro b ab l y  as b o t h  a direct  and  an indirec t  effect  
of ho rmone  t r e a t m e n t .  
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