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Summary .  In  all the  Silphid species examined,  the  oocyte  chromosomes  were found  to  con t r ac t  to fo rm the  karyo-  
spheres.  Despi te  this ,  as the  0ocytes  grow the  germinal  vesicles increase also ve ry  considerably.  P roduc t ion  of numerous  
RNA-con ta in ing  nucleolus-l ike bodies was found to be charac ter i s t ic  of the  Silphid oogenesis. E x p e r i m e n t s  wi th  aH- 
ur idine d e m o n s t r a t e d  t h a t  only  the  karyosphere  ac t ive ly  syn thes ized  RNA, while the  nucleolus-l ike bodies  r emained  
inact ive  in th is  process.  

The connec t ion  be tween  the  degree of R N A  synthes i s  
t ak ing  place in the  oocyte  nucleus and the  size of the  
nucleus is no t  ident ical  in all groups  of insects.  Thus,  in 
cases of l imited R N A  synthes is  in the  oocyte  nuclei, 
such nuclei are mos t  of ten  of small  dimensions.  On the  
o ther  hand ,  the  increase in volume of nuclei observed  
in cer ta in  insects  wi th  po ly t roph ic  ovaries does no t  a lways 
indicate  the  ac t iv i ty  of these  nuclei in 1RNA synthesis .  
For  instance,  in Carabidae the  d iamete r  of germinal  
vesicles m a y  be as much  as 350 ~zm, b u t  the  level of R N A  
synthes is  is ve ry  low in t h e m  2,3. I t  is also no t  ent i re ly  
clear whe the r  in the  case of Dyt isc id  wa te r  beet les  oocyte  
nuclei of Cybis ter  no t  act ive in R N A  synthes is  are signif- 
i can t ly  smaller  t h a n  the  oocyte  nuclei of Dyt iscus  act ive  
in th is  process 4. F inal ly  in those  insects  wi th  merois t ic  
ovaries , in which in tens ive  ex t r ach rom0somal  R N A  syn- 
thesis  t akes  place in the  oocyte  nuclei, such nuclei  in- 
var iab ly  a t t a in  except iona l ly  large d imensions  2, ~-n. 
The p re sen t  c o n t r i b u t i o n  is concerned wi th  cer ta in  in- 
t e res t ing  fea tures  of the  organiza t ion  of oocyte  nuclei in 
Silphidae.  The oocyte  n u c l e i  in these insects  were ob- 
served 12 to a t t a in  ex t r eme ly  large d imensions  and an 
unusual ly  po lymorph ic  form, and to conta in  s t ruc tures  
which could be in t e rp re t ed  as mul t ip le  nucleoli. 
Material and methods. Studies  were made  of the  ovaries 
of adul t  females  of the  following species: Si lpha s inuata ,  
S. thoracica,  S. a t ra ta ,  Necrophorus  humator ,  N. vespillo 
and Necrodes  l i t toralis.  The ovaries were fixed in Bouin-  
Allen 's  fluid or Carnoy 's  fluid. The paraff in  sect ions 
(4-7 [zm t h i c k ) w e r e  s ta ined in He idenha in ' s  iron hema-  
toxyl in  or in Azure B (pH 4.0), and me thy l  green pyron in  
(pH 4.7) wi th  RNase  t r e a t m e n t  as a control .  A few 
females of S. thorac ica  and S. s inua ta  were in jec ted  wi th  

aH-uridine (spec. act.  2.5 Ci/mM, 15-20 tzCi/individual) 
and the  ovaries r emoved  and fixed af ter  in terva l  of 1, 
1.5 or 6 h. S t r ipping  fi!m (Kodak  A R  10) was appl ied 
and the  p repa ra t ions  exposed  at  4~ for 4 weeks. 
Results and discussion. In  all the  species examined,  the  
oocyte  nucleus grea t ly  increases in vo lume dur ing the  
previtel logenesis ,  and s imul taneous ly  becomes  marked ly  
e longated  (figure 1). For  instance,  in ad v an ced  s tages of 
previ tel logenesis  the  oocyte  nuclei of Si lpha and Necrodes  
a t t a in  the  length  of ap p ro x i ma t e l y  500 ~xm and 580 [xm 
respect ively.  In  Necrophorus  the  late previ tel logenic 
oocytes  are abou t  1 m m  long, and the i r  nuclei a t t a in  
the  leng th  of up to  950 ~m. 
W i t h i n  the  species s tudied,  it  is possible to observe a 
g radua ted  sequence of changes  to which  chromosomes  
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Fig. 1. Necrodes littoralis. Longitudinal section through oocyte in 
late previtellogenesis showing enormously enlarged germinal vesicIe 
of highly irregular shape. Heidenhain's hematoxylin. • 90. 

Fig. 2. Sitpha sinuata. Section through a karyosphere capsule. Karyo- 
sphere of a very loose structure, in which discrete chromosome 
threads can be distinguished, is seen to be encapsulated by the homog- 
enous material of its capsule. The surface of the capsule is studded 
with many nucleolus-like bodies of varying size. Methyl green 
pyronin. X 925. 
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Fig. 3. Silpha thoracica. Karyosphere formed by loosely interwoven, 
relatively thick chromosome threads, surrounded by a faintly stained 
homogenous capsule. Nucleolus-like bodies in the inner part of the 
capsule are distinctly sm'aller than those in its outer part or lying 
outside the capsule. Heidenhain's hematoxylin, x 1200. 

Fig. 5. Silpha sinuata. Autoradiograph of an early previtellogeni oo- 
eyte. The heavy label is localized over the karyosphere. Incubation 
with 3H-uridine for 1 h. Methyl green pyronin. • 1000. 

are su b j ec t  d u r i n g  g r o w t h  of t he  oocyte .  C o n s e q u e n t l y  
it  is on ly  in N e c r o p h o r u s  t h a t  c h r o m o s o m e s ,  f o rming  a 
c o m p a c t  h e t e r o c h r o m a t i c  k a r y o s p h e r e  (figure 4), b e h a v e  
in a w a y  typ ica l  of t he  oocy tes  of t he  m a j o r i t y  of insec ts  
w i th  merois t ic  ovaries .  I n  Necrodes ,  S. a t r a t a  a n d  S. 
s inua ta ,  the  c h r o m o s o m e s  r e m a i n  in a s t a t e  of decon-  
d e n s a t i o n  t h r o u g h o u t  t he  whole  of previ te l logenes is  a nd  
the  k a r y o s p h e r e  t h e y  fo rm  is s imi lar  to  an  i n t e r p h a s e  
nuc leus  (figure 2). A n  i n t e r m e d i a t e  s i t ua t i on  is f ound  in 
S. t ho rac i ca ;  c h r o m o s o m e s  are sub jec t  to cons iderab le  
condensa t ion ,  b u t  t he  k a r y o s p h e r e  t h e y  fo rm is no t  
c o m p a c t  an d  ind iv idua l  c h r o m o s o m e s  can  eas i ly  be dis- 
t i n g u i s h e d  in it  (figure 3). 
I n  all t he  species  e x a m i n e d ,  t he  k a r y o s p h e r e  lies w i th in  
the  d i f f e ren t i a t ed  region of k a r y o p l a s m ,  wh ich  m a y  be 
t e r m e d  the  k a r y o s p h e r e  capsule .  Th i s  capsu le  m a y  be 

h o m o g e n o u s  a n d  scarce ly  s t a i n  a t  all w i t h  basic  s t a in s  
(figures 2 a nd  3) or, as in the  case of Nec rophorus ,  be 
d i s t i nc t l y  vacuol ized  a nd  h igh ly  basophi l ic .  
A c o n s t a n t  c o m p o n e n t  of the  k a r y o s p h e r e  capsu le  of 
Si lphidae  oocy tes  cons is t s  of s t r u c t u r e s  which ,  on a c c o u n t  
of t he i r  shape  a n d  h igh ly  basophi l ic  na tu r e ,  can  for the  
t ime  be ing  be t e r m e d  nucleolus- l ike  bodies .  These  bodies,  
as can  be seen d u r i n g  t he  ini t ia l  s t ages  of oocyte  g rowth ,  
a p p e a r  in di rect  c o n t a c t  w i th  the  ka ryosphe re .  P i c tu re s  
f ound  of th i s  in older  oocy tes  (figures 3 a nd  4) sugges t  
t h a t  a f t e r  the i r  f o r m a t i o n  these  bodies  m o v e  f r o m  the  
in ter ior  of the  capsu le  t o w a r d s  its pe r iphery ,  a nd  as t h e y  

Fig. 4. Necrophorus humator. The nucleus of an early previtellogenic 
oocyte; a compact and deeply stained karyosphere surrounded by 
a capsule. The karyosphere capsule is seen to be differentiated into a 
distinctly basophilic inner part and an outer part which fails to stain 
with basic dyes and contains many nucleolus-like bodies. (This dif- 
ferentiation of the capsule disappears in the later stages of previtello- 
genesis.) Note that the nueleolus-like bodies adjacent to the inner 
part of the karyosphere capsule are distinctly smaller than those 
which lie along the border between the nuclear sap and the outer part 
of the capsule. Azure B. • 1200. 

Fig. 6. Silpha thoracica. Autoradiograph of an egg follicle in late 
previtellogenesis. Note the labelled karyosphere in the centrally 
placed, elongated and largely unlabelled germinal vesicle, and the 
flow of labelled RNA into the oocyte at its anterior end, where the 
trophie cord enters the oocyte. Incubation with 3H-uridine for 1.5 h. 
Methyl green pyronin. X 190. 



15. 7. 1977 Specialia 885 

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. 
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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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