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do so the i r  size g radua l ly  increases.  In  grea t ly  enlarged 
nuclei, the  posi t ion of nucleolus-l ike bodies is mos t  of ten 
l imited to  the  exter ior  layer  or to  the  surface of the  
karyosphere  capsule.  
Nucleolus-like bodies  also occur outs ide  the  karyosphere  
capsule, lying singly in the  nuclear  sap. They  are larger 
t h a n  the  bodies  connec ted  wi th  t he  capsule,  b u t  like the  
la t t e r  exhib i t  a h ighly  basophi l ic  charac te r  (figure 3). 
Their  re la t ion to the  nucleolus-l ike bodies of the  capsule 
is no t  clear, bu t  i t  would  seem probable  t h a t  t h e y  are 
formed f rom the  la t t e r  a f ter  t h e y  have  reached  a cer ta in  
size and become de t ached  f rom the  capsule. The baso- 
phi ly  of the  nucleolus-l ike bodies connec ted  wi th  the  
karyosphere  capsule or lying singly in the  nuclear  sap 
as well as the  capsule itself d i sappears  af ter  t r e a t m e n t  
w i th  RNase.  
The loose s t ruc tu re  of t he  ka ryosphere  in the  ma jo r i t y  
of the  species examined ,  the  occurrence of mul t ip le  
nucleolus-l ike bodies con ta in ing  R N A  and  the  considerable  
increase in volume of the  germinal  vesicles suggested 
t h a t  the  oocyte  nuclei of Si lphidae migh t  be ve ry  act ive 
in R N A  synthesis .  However ,  the  resul ts  of initial  auto-  
radiographic  s tudies  w i th  aH-uridine carried out  on the  
ovaries of S. thorac ica  and  S. s inua ta  failed to provide  
suppor t  for th is  suggest ion.  The d i s t r ibu t ion  of labelling 

above the  oocyte  nuclei shows t h a t  the  nucleolus-l ike 
bodies  are inact ive in R N A  synthesis .  On the  o ther  hand ,  
w i th  the  same incuba t ion  t ime,  the  ka ryosphere  invari-  
ably  exhib i ted  ou t s t and ing  uridine incorporat ion,  in b o t h  
the  early (figure 5) and  more  advanced  s tages of oocyte  
g rowth  (figure 6). There  can be no doub t  t h a t  in tens ive  
R N A  synthes i s  by  oocyte  chromosomes  of b o t h  species 
of Silpha examined  for this,  as in the  case of oocytes  of 
Bruchidius  13 and pe rhaps  Tenebr io  ~*, is condi t ioned  by  
the  except iona l ly  low degree of ch romosome  condensa t ion .  
Despi te  the  lack of comparab le  q u a n t i t a t i v e  data ,  i t  
would appea r  t h a t  the  g rowth  of nuclei in Si lphidae 
oocytes  is d i sp ropor t iona te ly  grea t  in re la t ion to the  
e x t e n t  of the i r  ac t iv i ty  in R N A  synthesis .  This  g rowth  
thus  mos t  p robab ly  resul ts  no t  only  f rom the  act ion of 
the  mechan i sm involved in ac t iva t ion  of 1RNA synthes is  
in oocyte  chromosomes ,  bu t  also, and to a ma jo r  degree, 
f rom the  act ion of some o the r  factor  which,  as in the  case 
of the  oocytes  of Carabidae,  is no t  connec ted  wi th  th is  
funct ion  of the  nucleus. 

13 J. Brining, Z. Zellforsch. 128, 241 (1972). 
14 S.L. Ulhnann, J. Embryol. exp. Morph. 30, 179 (1973). 
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Summary. An addi t iona l  hor izonta l  magnet ic  field is le thal  for adul t  ho rne t s  and larvae. The juvenile  hornets ,  however ,  
are capable  of adap t i ng  to  the  addi t iona l  magnet ic  field. They  build combs  commenc ing  in the  regions of high field 
in tens i ty ,  and  proceeding in the  di rect ion of the  field in t ens i ty  decrease.  

I t  was repor ted  by  L indauer  1 t h a t  changes  in the  ea r th ' s  
magnet ic  field d i s tu rb  the  or ien ta t ion  of danc ing  bees, 
and t h a t  t h e y  commence  bui lding combs whose orien- 
t a t ion  is in accordance  wi th  the  changed field. U p o n  
10fold increase in the  magne t i c  field, the  bees buil t  
cyl indrical  combs  t h a t  were fas tened  to the  floor r a the r  
t h a n  to the  roof as is c u s t o m a r y  ~. There is also some 
evidence t h a t  an ts  can sense the  ea r th ' s  magnet ic  fielda, 
and t h a t  normal  f luc tua t ions  in the  ea r th ' s  magne t ic  
field influence pigeon or ienta t ion*.  E x p e r i m e n t s  by  
Schneider  5 showed t h a t  o r i en ta t ion  of the  beetle  Melo- 
lon tha  vulgaris  F. is s t rong ly  af fec ted  by  magnet ic  and  
electric changes.  The aim of the  p resen t  s t u d y  was to 
t e s t  the  effect  of an addi t iona l  magne t ic  field on comb 
cons t ruc t ion  by  hornets .  

Material and methods. Young  ho rne t s  (Vespa  orientalis) 
workers  kep t  in art if icial  breeding boxes (ABBs) in 
groups of 5 15 individuals  build combs  whose d imens ions  
are as descr ibed elsewhere 6 and which  are connec ted  by  
pedicles to the  roof of the  ABB;  the  cells in such combs  
face downwards  ~, 8 wi th  a sca t te r  of 3-14 ~ f rom the  ver t i -  
cal axis, as in normal ly  bui l t  combs  in na tu re  9. Horne t s  
before eclosion or 1-2 days  a f t e rwards  (juveniles), when  
sub jec ted  to  cent r i fugat ion ,  build in the  di rect ion of the  
r e su l t an t  of the  g rav i ta t iona l  and  centr i fugal  forces 1~ 
whereas  adul t  ho rne t s  (3-7 days  old) t end  to build in the  
d i rec t ion  of g rav i t a t ion  alone. These results  suggested 
t h a t  the  o r ien ta t ion  of adu l t  ho rne t s  dur ing  comb 
cons t ruc t ion  is inf luenced by  addi t iona l  physical  factors  

apa r t  f rom gravi ta t ion .  Moreover,  in previous  experi-  
m e n t s  1~ i t  was found t h a t  when presen ted  wi th  an in- 
ve r t ed  comb,  the  horne t s  build new cells on its border  
whose d i rec t ion  is downwards .  We were therefore  in ter-  
es ted to f ind out  w h e t h e r  the  horne t s  will behave  in t he  
same way  when  exposed  to the  influence of an addi t ional  
magnet ic  field. 
To tes t  the  influence of un i form and nonun i fo rm magnet ic  
fields on comb cons t ruc t ion  by  hornets ,  we designed a 
square cross-sect ion coil of 28 X 28 cm 2, w i th  a winding 
leng th  of 100 cm. The coil consis ted of 1500 tu rns  which  
were w o u n d  un i formly  on a p lywood f rame and  fu r the r  
encased in plywood.  At  a 40 V inpu t  vol tage,  the  maxi-  
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tation, p. 559. U. S. Gvt. Printing Office Washington, D. C. 
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m u m  c u r r e n t  in  t h e  coil  w a s  1.34 A.  T h e  d i s s i p a t e d  p o w e r  
w a s  c o n s e q u e n t l y  53.6 W ,  w h i c h  c a u s e d  a 6 ~ t e m p e r a -  
t u r e  i n c r e a s e  i n s i d e  t h e  coil  a n d  a 0.5 ~ i n c r e a s e  off t h e  
coil  c a s i n g ' s  s u r f a c e ,  t h u s  y i e l d i n g  a n  i n s ide  coil  t e m p e r a -  
t u r e  of  a b o u t  36 ~ T h e  co i l ' s  a x i s  w a s  o r i e n t e d  a l o n g  t h e  
m a g n e t i c  m e r i d i a n ,  wh i l e  t h e  l o n g i t u d i n a l  c o m p o n e n t  of  
t h e  m a g n e t i c  f ie ld  (Hc) i n s i d e  t h e  coil  w a s  d i r e c t e d  a g a i n s t  
t h e  h o r i z o n t a l  c o m p o n e n t s  of  t h e  e a r t h ' s  m a g n e t i c  f ie lds ,  
i.e. f r o m  N o r t h  t o  S o u t h .  O u t s i d e  t h e  coil, H c  l i ned  u p  
w i t h  t h e  h o r i z o n t a l  c o m p o n e n t s  of  t h e  e a r t h ' s  m a g n e t i c  
f ie ld,  w h i c h  in  T e l - A v i v  is a b o u t  0.33 O e r s t e d .  T h e  v a l u e s  
o f  t h e  m a g n e t i c  f ie ld  v e c t o r  H a t  d i f f e r e n t  p o i n t s  b o t h  
i n s ide  a n d  o u t s i d e  t h e  coil  we re  c o m p u t e d  a c c o r d i n g  t o  
B i o t - S a v a r t ' s  l aw,  w h i c h  g a v e  t h e  f o l l o w i n g  f o r m u l a  for  
a coil  l ike  ou r s ,  i.e., w i t h  a n e g l i g i b l y  t h i n  w i n d i n g  

f s• H = j  4 ~ R  a d s  w h e r e  i s  is t h e  e q u i v a l e n t  s u r f a c e  

c u r r e n t  d e n s i t y ,  R is t h e  v e c t o r  p o i n t e d  f r o m  t h e  ' s o u r c e  
p o i n t '  to  t h e  ' f i e ld  p o i n t ' ,  a n d  t h e  i n t e g r a t i o n  is p e r f o r m e d  
o v e r  t h e  s u r f a c e  of  t h e  co i l ' s  w i n d i n g .  W h e n  t h e  c u r r e n t  
is 1.36 A H c  i n s i d e  t h e  coil  is 2 3 . 3 0 e r s t e d  (Oe). O u t s i d e  
t h e  coil, a t  a d i s t a n c e  of 1 - 5  c m ,  H c  is o n l y  0 . 6 - 0 . 3 0 e .  

<___ 

A knob-like comb built upwards by Vespa orientalis workers over an 
inverted comb. The ABB was placed on the coil. The additional 
horizontal magnetic field varied with the height from 0.6 to 0 .30e .  

Effects of additional static magnetic fields on hornet behavior and comb building 

Breeding conditions Natural (control) Additional horizontal static magnetic field 
Uniform Uniform 
Strong: 23 .30e  Weak: 1 . 3 0 e  

Nonuniform 
Weak: 0 .3-0 .60e  

a) Entered as 
N adult (more than Normal 12 

~, ~ 3 days old) 

~ b) Entered as juvenile NormaP2 
~ (1-3 days old) 

,~ N c) Entered as pre- 
Normal la imagine 

Building activity 20-30 workers construct 
a comb in 5-10 days 

Pedicle orientation 

Comb (cells' axes) 
orientation 

Nmnber  of cells 

Type of cells 

Larvae 

a), b), c) Vertically 
downwards 

a), b), c) Vertically 
downwards with a 
scatter of 6-14 ~ 

a), b), c) 20 200 

Worker cells during June -  
August, Queen cells during 
September-October 

Develop normally 

1-2 days 

2-3 days 

Normal 

a), b) None. 
c) Cells without 
a pedicle on the 
glass walls and tubes 

a), b), c) No pedieles 

c) Vertically 
downwards with a 
scatter of 10-30 ~ 

c) 1 8 

b), e) Worker cells 
mixed with irregular 
cells of various 
dimensions 

Larvae did not survive 
4th or 5th instar 

1-2 days 

5-7 days 

Normal 

a) None. 
b), c) Normal 

b), c) Vertically 
downwards 

b), c) Vertically 
downwards with a 
scatter of 6-30 ~ 

b), c) 20 60 

b), c) Worker 
irregular cells 

Larvae did not survive 
4th or 5th instar 

2 4 days 

Almost normal 

Normal 

a), b) None. 
e) Cells and comb 
with pedicles con- 
structed in 5-10 days 

e) Vertically up- 
wards and at dif- 
ferent angles to the 
horizontal plane 

c) Randoln. Average 
direction in the 
horizontal plane. 
Cells tend to point 
in the direction of 
the magnetic field 
decrease 

c) 1-60. There were 
isolated single cells 

b), e) Irregular 
cells 

Larvae survive the 
5th instar but  died 
mostly before eelosion 
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The  ver t i ca l  c o m p o n e n t  of t he  coil 's  field in t w o - t h i r d s  
of the  coil 's l eng th  a d j a c e n t  to  i ts  midd le  cross-sect ion is 
negligible a n d  so is t he  t r a n s v e r s e  componen t .  
Results. The  b e h a v i o r  and  bu i ld ing  ac t i v i t y  of ho rne t s  
sub j ec t ed  to  these  m a g n e t i c  fields was s tud ied  in 4 
expe r imen t s .  In  t h e  f i rs t  t h r ee  e x p e r i m e n t s  the  c u r r e n t  
inside the  coil was  1.36 A which  cor responds  to  2 3 . 3 0 e ,  
whereas  in t he  f o u r t h  e x p e r i m e n t  t he  c u r r e n t  in  t he  coil 
was  r educed  to  0.1 A wh ich  cor responds  to Hc  = 1 . 7 0 e .  
E v e r y  e x p e r i m e n t  las ted  16 days,  wh ich  was long enough  
to  enab le  h o r n e t  workers  to  bu i ld  a p rope r  c o m b  TM. 
Breed ing  boxes  w i t h  15-25 h o r n e t s  in  each  were p laced  
b o t h  inside t he  coil where  t he  m a g n e t i c  field is u n i f o r m  
a n d  outs ide  the  coil where  t he  m a g n e t i c  field r ap id ly  
decreases  w i t h  t he  d i s t ance  f rom t he  coil 's  winding .  
The  h o r n e t s  were fed sugar  solut ion,  pieces of codfish 
a n d  h o r n e t  or h o n e y b e e  pupae ,  a n d  were p r o v i d e d  w i t h  
a c lump  of soil as bu i ld ing  mater ia l .  3 A B B s  w i t h  h o r n e t s  
were k e p t  ou ts ide  t he  m a g n e t i c  field as control .  I n  all 4 
expe r imen t s ,  t he  a d u l t  h o r n e t s  d ied  wi th in  4-5  days  
w i t h o u t  p e r f o r m i n g  a n y  bui ld ing.  The  juven i le  h o r n e t s  
bu i l t  a t  leas t  one c o m b  in each  ABB,  b u t  in all t h e  ABBs ,  
t h e y  were a l m o s t  mot ion less  d u r i n g  t h e  f i rs t  4 -5  days,  
a s sembled  m o s t l y  on  the  wal l  (or ~loor) closest  to  the  coil 's  
w ind ing  where  t he  a d d i t i o n a l  m a n e t i c  field was s t ronger .  
Bu i ld ing  a c t i v i t y  of t h e  juveni les  b e g a n  5-7 days  a f t e r  
t h a t  of t h e  con t ro l  ho rne t s .  The  resu l t s  are s u m m a r i z e d  
in t he  table .  
I n  t he  A B B  p r o v i d e d  w i t h  a n  i n v e r t e d  comb,  t he  ho rne t s  
b u i l t  upwards ,  c o n s t r u c t i n g  a s t a lk  on  the  surface  of t he  
or ig ina l  c o m b  w i t h  a knob- l ike  c o m b  on t op  of i t  (figure). 
The  open ings  of t he  cells were o r i en ted  in all d i rec t ions  of 

the  h o r i z o n t a l  plane.  The  queen  ov ipos i ted  in t he  i n v e r t e d  
cells, and  t he  workers  a t t e n d e d  t he  l a rvae  eclosing in 
these  ceils. As the  d i s t ance  of t he  new cells f rom the  coil 's  
w ind ing  reached  7-8 cm, t he i r  open ings  g r adua l l y  b e g a n  
to face downwards .  
Af ter -ef fec t :  U p o n  swi tch ing  off t he  coil 's  c u r r e n t  we 
p laced  inside the  coil 3 i n c a n d e s c e n t  l amps  w h i c h  dissi- 
p a t e d  a b o u t  70 W and  res to red  t he  p rev ious  t e m p e r a t u r e .  
The  h o r n e t s  now c o n t i n u e d  to bu i ld  cells whose  open ings  
were g r adua l l y  o r i en ted  downwards .  
Discussion. These  f ind ings  sugges t  t h a t  t he  h o r n e t s  are 
af fected b y  a n  a d d i t i o n a l  m a g n e t i  c field. I n  na tu r e ,  t he  
h o r n e t s  m o s t  p r o b a b l y  bu i ld  u n d e r  t he  c o m b i n e d  in-  
f luence of b o t h  the  ver t i ca l  c o m p o n e n t  of t he  e a r t h ' s  
m a g n e t i c  field and  t he  g r a v i t a t i o n a l  force, whose  direc- 
t ions  coincide.  An a d d i t i o n a l  h o r i z o n t a l  m a g n e t i c  field 
is, for some u n k n o w n  reason,  l e tha l  for  t he  a d u l t  h o r n e t  
and  larvae.  The  juven i l e  horne t s ,  a l t h o u g h  t h e y  are less 
ac t ive  and  s t a r t  bu i ld ing  l a t e r  t h a n  usual,  are capab le  of 
a d a p t i n g  to  t he  add i t i ona l  m a g n e t i c  field, w h e t h e r  un i fo rm  
or non -un i fo rm,  a n d  bu i ld  combs  w i t h  i r regu la r  cells, 
c o m m e n c i n g  in regions of t l igh i n t e n s i t y  b u t  p roceed ing  
s u b s e q u e n t l y  in  t he  d i rec t ion  of decreas ing  field in t ens i ty .  
I t  shou ld  be  r e m e m b e r e d  t h a t  b y  t he  t i m e  t he  h o r n e t s  
s t a r t  bu i ld ing  t h e y  are no  longer  juveni les ,  and  t h e i r  
bu i ld ing  is c lear ly  n o t  in f luenced  b y  g r a v i t y  force alone.  
I t  is n o t  c lear  as ye t  w h y  these  h o r n e t s  do n o t  bu i ld  whi le  
in t he i r  f i rs t  days  of life, as t h e y  usua l ly  do in an  o r d i n a r y  
e n v i r o n m e n t .  

12 J. Ishay, Anita. Behav. 24, 72 (1976). 
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Summary. ZH-Indole  acet ic  acid b o u n d  to cytosol  p ro t e in s  of e m b r y o n i c  ch icken  l iver  in  v i t ro  to an  ave rage  capac i t y  
of a t  l eas t  20 p m o l e s / m g  b i nd i ng  pro te in .  The  a u x i n - b i n d i n g  p ro t e in  complexes  could be resolved in to  4 m a j o r  zones 
b y  an ion  e x c h a n g e  c h r o m a t o g r a p h y ;  t h e y  s e d i m e n t e d  a t  3-7 S in sucrose  d e n s i t y  g rad ien t s ,  a n d  were also he t e ro -  
genous  in agarose  gel e lec t rophores is .  

Indo le  acet ic  acid (IAA),  one of t he  regu la to r s  of p l a n t  
g rowth ,  also occurs  in h ighe r  an ima l s  1, ~ which  are able  to  
syn thes ize  i t  a. I t  h a s  also been  shown  t h a t  t he  a m o u n t  of 
I A A  syn thes ized  b y  ch icken  e m b r y o  increases  d u r i n g  
embryogenes i s  4. On t he  o the r  h a n d ,  i t  h a s  been  found  t h a t  
aux ins  p r o m o t e  i n c o r p o r a t i o n  of u r id ine  in to  r ibonucle ic  
acids of h u m a n  leucocytes  5, and  I h l  6 r epo r t ed  the  pre-  
sence in  soybean  co ty l edons  of I A A : b i n d i n g  p ro t e ins  
p r o b a b l y  ac t ing  as t r ans loca to r s  of t he  h o r m o n e  to  t he  
cell nucleus .  In  t h i s  p a p e r  we r e p o r t  ev idence  t h a t  IAA-  
b i n d i n g  p ro t e in s  ex i s t  in t he  cy toso l  of e m b r y o n i c  ch icken  
l iver ;  we also p r e sen t  d a t a  conce rn ing  some p rope r t i e s  of 
I A A - b i n d i n g  p ro t e i n  complexes  fo rmed  in vi t ro .  

Material and methods. Liver  cytosol  p r e p a r e d  f l o m  de- 
c a p i t a t e d  18-day-old ch icken  e m b r y o s  7 was i n c u b a t e d  w i t h  
10[xCi/ml indole  acet ic-5-aH acid (29 mCi /mM;  S c h w a r t z /  
Mann ,  Orangeburg ,  New York ,  USA)  for 30 m i n  a t  25~ 
a n d  s ieved t h r o u g h  a c o l u m n  of S e p h a d e x  G-25. Macro-  
molecu la r  f rac t ions  c o n t a i n i n g  b o u n d  ~H-IAA were pooled,  
d ia lyzed  ove rn igh t ,  c o n c e n t r a t e d  in Sar to r ius  m e m b r a n e  

f i l ter  a p p a r a t u s ,  and  t h e n  sub jec t ed  to  ana lys i s  b y  
c h r o m a t o g r a p h y  S, c e n t r i f u g a t i o n  9 and  electrophoresis10.  
P r o t e i n  was d e t e r m i n e d  b y  t he  m e t h o d  of L o w r y  et  al. 11 
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