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popula t ions  are aggregated.  Bu t  when  the  males (Figure 
C), females  (Figure B) and  i m m a t u r e  s tad ia  (Figure D) 
in the  popula t ions  are considered separately ,  b was 0.46 
for males, 0.86 for females and 0.30 for i m m a t u r e  stadia.  
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Plot of log variance and log mean for Trigoniulus lumbricinus (Gerst) 
A) entire population; B) female fraction of the population; C) male 
fraction of the population; D) immature stadia in the population. 

For  males and  i m m a t u r e  s tad ia  b < 1 suggests  the  
t e n d e n c y  for the  individuals  to be over  d ispersed for 
smal l  means ,  and underdispersed ,  i.e. approach ing  a 
more  regular  spat ia l  d is t r ibut ion ,  for larger means.  Only 
for t he  females,  tire d i s t r ibu t ion  is close to  r a n d o m  be- 
cause a and b are b o t h  close to 1.00. However ,  descr ib ing 
r andomness  on the  basis of these  two  p a r a m e t e r s  is 
difficult  because every  pa i r  of value a, b for which  amy 
= m holds will indicate  randomness .  This would be t rue  
no t  onIy when  a = 1 and b = 1, b u t  for all values sat isfy-  
ing log a = (1 - b) log m. 

E v e n  b = 1, a > 1 which  indicates  var iance  is pro-  
por t iona l  to the  mean  over  the  whole  range of obser-  
va t ions  wi th  the  e x p o n e n t  K propor t iona l  to the  mean  
m, such t h a t  (1 + K in) = a, is a cons tant ,  is no t  a 
sufficient  condi t ion  to  indica te  nega t ive  b inomial  distr i-  
bu t ion  of the  individuals .  Many  o the r  d i s t r ibu t ions  could 
lead to the  same conf igura t ion:  onty  cer ta in  nega t ive  
b inomial  d i s t r ibu t ions  could be descr ibed in th is  way. 

Moreover,  the  d i s t r ibu t ion  p a t t e r n s  of a r th ropods  are 
known  to va ry  according to the  behav iour  of the  develop-  
men t a l  s tages of the  animals  5, and even seasonal ly  ",v. 
Consequen t ly  b as an index  canno t  r emain  co n s t an t  for 
a species, b u t  will va ry  according to  t he  t empora l  dis- 
t r ibu t ion  of the  cons t i t uen t  uni ts  of the  popula t ion ,  as 
indeed  the  males,  females  and i m m a t u r e  s tadia  of T. 
lumbricinus show. 

B. BANERJEE, Sci. Cult. 35, 236 (1970). 
6 B. BANERIE;6 , g. Anim. Ecol. ,35, 171 (1967). 
7 S. W. WRATTEN, J. Anita. Ecoh 43, 191 (1974). 

Nucleo lar  Hyper trophy  and Nuclear  D N A  Repl icat ion in Liver ~ 
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Summary. H y p e r t r o p h y  of nucleoli is associated wi th  D N A  syn thes i s  in the  hepa tocy t e s  of un t r ea t ed  ra ts  jus t  as it  is 
in s t imu la t ed  animals .  Nucleolar en l a rgemen t  is no t  a suff ic ient  change  to ensure t h a t  the  p a r e n c h y m a l  liver cell can 
make  DNA. 

In  recen t  years,  much  a t t en t i on  has been given to  de- 
f ining the  changes  t h a t  endow a res t ing cell wi th  the  
abi l i ty  to  repl icate  i ts  nuclear  DNA. One imped imen t ,  
par t i cu la r ly  wi th  sys tems  in vivo, has  been the  di f f icul ty  
in d is t inguishing be tween  the  prerepl ica t ive  a l te ra t ions  
t h a t  are d i rec t ly  concerned  wi th  en t ry  into the  S per iod 
f rom those  t h a t  serve o ther  functions.  

Increases  in nucleolar  size and funct ion  are among  the  
ear ly  changes  t h a t  take  place in the  p a r e n c h y m a l  liver 
cells of ra t s  t h a t  have  been s t imula ted  to make  hepa t ic  
D N A  by  surgical as well as by  nonsurgical  means  ~4. We 
have  been in te res ted  to learn whe the r  the  same nucleolar  
changes  occur in hepa tocy t e s  t h a t  are making  D N A  in 
the  u n t r e a t e d  rat .  Occurrence of the  a l tera t ions  in the  
repl icat ing cells of the  u n t r e a t e d  animal  would lend 
suppo r t  to a re la t ionship  be tween  the  nucleolus and  the  
contro l  of DNA replicat ion.  Absence of the  changes  
would rule out  an obl iga tory  re la t ionship  be tween  the  
nucleolar  changes  and  DNA format ion.  

As a par t ia l  t e s t  of th is  quest ion,  nucleolar  vo lumes  
were com pa red  in repl icat ing and  res t ing h e p a t o c y t e  
nuclei  f rom u n t r e a t e d  rats.  The  main  purpose  of th is  
r epor t  is to show t h a t  repl icat ing liver nuclei f rom un- 
s t imu la t ed  animals  conta in  a m u c h  greater  vo lume of 
nucleolar  mater ia l  t h a n  do res t ing  nuclei. 

Material and methods. To compare  nucleolar  sizes in 
repl icat ing and res t ing h e p a t o c y t e  nuclei, rats  (female, 
F ischer  344, Charles River  Breeding  Laborator ies)  were 
labeled wi th  aH- thymid ine  and abou t  150 mg por t ions  of 
liver were t hen  removed  and  immed ia t e ly  homogenized  
in 10 ml  of a buffered solut ion of fo rma ldehyde  and 
g lu ta ra ldehydeK After  f ixa t ion  (4 h or more  at  a m b i e n t  
t empera tu re ) ,  a nuclear  f rac t ion was p repa red  by  centr i -  
fugat ion in sucrose and the  nuclei were aff ixed to glass 
mic roscope  slides as previous ly  deta i led  ~. Rad ioau to -  
g r ap h y  was wi th  six-fold d i lu ted  K o d a k  Track Emuls ion,  
t y p e  NTB 3 (4 day  exposure).  W i t h  d i lu ted  emulsion, bu t  
no t  wi th  the  undi lu ted  p repara t ion ,  all the  silver grains 
were a t  the  pe r iphe ry  of labelled nuclei, r a the r  t h a n  over  

1 This work was suppor ted  by  a graut  f rom the Nat ional  Cancer 
Ins t i tu te .  
H. SwIsT, L. ]~EBHUN, E. RASCH and J.  WOODARD, ill Cellular 
Mechanisms in DiHerentiation and Growth (Ed. D. RUDNICK; 
Pr inceton Univers i ty  Press, Princeton,  New Je rsey  1956), p. 45. 
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Table I. Nucleolar volumes in replicating and nonreplicating hepa- 
tocyte nuclei of growing untreated rats 

Labeled nuclei (%) Volume of mmlei (bml a) per nucleus 
Unlabeled Labeled 

1.6 4.3 -L 0.78 7.0 ~ 1.0 
2.0 4.3 ~: 0.84 6.7 ~: 0.78 

Each of 2 rats (55 g) was given 100 [xCi of 3H-thymidine in the tail 
vein and portions of liver were removed after 1 h. Nucleolar volumes 
were estimated after radioautography from measurements of 200 
unlabeled arid 30 labeled nuclei and standard deviations arc shown. 

Table II. Nucleolar volunms in replicating and nonreplicating hepa- 
tocyte nuclei of stimulated rats 

Infusate Labeled nuclei (%) Volume of nucleoli (bin1 a) 
per nucleus 
Unlabeled Labeled 

NaCl 0.1 4.3 ~ 0.83 
TK solution 16 6.6 =c 1.0 8.4 ~ 1.6 

24 6.8 :~ 1.3 8.6 • 1.1 

2 rats (150 g) were infused in the tail vein for 3 h (3.3 Inl/h) with the 
TK solution 6 (100 b~g of 3, 3', 5-triiodo-L-thyronine, 5 p.mol of dibu- 
tyryl cyclic AMP, 10 mg of theophylline, 300 nag of amino acids, 
and 100 U.S.P. milts of heparin). At 22 h fronl the start  of infusion, 
each animal was given 200 btCi of aH-thymidine and liver samples 
were taken 1 h later. The control animal was infused with 0.15 M 
NaC1. Nucleolar volumes were estimated after radioautography from 
measurements of 200 unlabeled and 100 labeled nuclei and standard 
deviations are shown. 

6 j .  SNORT, K. TSUKADA, W. A. RUDERT and I. LIEBERMAN, J. biol. 
Cheln. 250, 3602 (1975). 

t h e  nuc le i ,  a n d  v i s u a l i z a t i o n  of  t h e  n u c l e o l i  w a s  n o t  
o b s t r u c t e d .  T h e  n u m b e r  of  g r a i n s  a r o u n d  l a b e l e d  n u c l e i  
r a n g e d  f r o m  12 t o  27 a n d  u n l a b e l e d  n u c l e i  h a d  n o  g r a in s .  
N u c l e o l i  w e r e  s t a i n e d  a f t e r  r a d i o a u t o g r a p h y  b y  f l o o d i n g  
t h e  s l ides  w i t h  0 . 0 0 5 %  a z u r e  B in  0.01 M s o d i u m  
c i t r a t e - 0 . 0 1  M s o d i u m  p h o s p h a t e  b u f f e r ,  p H  5.5, a n d  
a l l o w i n g  t h e  s t a i n  to  e v a p o r a t e  a t  55~ N u c l e o l a r  
m e a s u r e m e n t s  w e r e  m a d e  a t  a m a g n i f i c a t i o n  of  2500 d ia -  
m e t e r s  as  d e s c r i b e d  before4 .  

Results and discussion. T a b l e  I s h o w s  t h e  r e s u l t s  t h a t  
we re  o b t a i n e d  w i t h  2 u n t r e a t e d ,  g r o w i n g  r a t s .  A b o u t  2 %  
of  t h e  h e p a t o c y t e  n u c l e i  w e r e  l a b e l e d  w i t h  a H - t h y m i d i n e  
a n d  t i le  v o l u m e  of  n u c l e o l a r  m a t e r i a l  in  t h e  l abe l ed  
n u c l e i  w a s  1 . 5 - t i m e s  g r e a t e r  t h a n  in  t h e  u n I a b e l e d  nuc l e i  
( r e p r e s e n t i n g  a b o u t  a 2 0 %  i n c r e a s e  in  d i a m e t e r ) .  T h e  
T a b l e  does  n o t  s h o w  t h a t  t h e  a v e r a g e  n u m b e r  of  n u c l e o l i  
p e r  l a b e l e d  a n d  u n l a b e l e d  n u c l e u s  w a s  t h e  s a m e ,  2.5. 
T h e s e  o b s e r v a t i o n s  a t e  c o n s i s t e n t  w i t h  a r e l a t i o n s h i p  
b e t w e e n  t h e  r e g u l a t i o n  of  s o m e  n u c l e o l a r  f u n c t i o n  a n d  
t h e  c o n t r o l  of  l i ve r  D N A  f o r m a t i o n .  

T h e  r e s u l t s  of  T a b l e  I do n o t  e x c l u d e  t i le  p o s s i b i l i t y  
t h a t  n u c l e o l a r  e n l a r g e m e n t  in  t h e  u n t r e a t e d  a n i m a l s  
t o o k  p lace ,  n o t  p r e r e p l i c a t i v e l y ,  b u t  o n l y  a f t e r  t h e  n u c l e i  
h a d  e n t e r e d  t h e  S p e r i o d .  T h i s ,  h o w e v e r ,  w o u l d  s e e m  to  
be  u n l i k e l y  s i n c e  h y p e r t r o p h y  b e g i n s  i m m e d i a t e l y  a n d  is 
a l r e a d y  m a x i m a l  a t  t h e  t i m e  of  D N A  s y n t h e s i s  in  p a r t i a l l y  
h e p a t e c t o m i z e d  a n i m a l s  ~ a n d  in  u n o p e r a t e d  r a t s  t h a t  
h a v e  b e e n  g i v e n  b i o c h e m i c a l s  to  i n d u c e  h e p a t i c  D N A  
s y n t h e s i s  4. 

T h e  q u e s t i o n  w a s  a lso  a s k e d  w h e t h e r  n u c l e o l a r  en -  
l a r g e m e n t  is a s u f f i c i e n t  c h a n g e  to  e n s u r e  t h a t  t h e  p a r e n -  
c h y m a l  l i ve r  cel l  c a n  f o r m  D N A .  M a t u r e  r a t s  (150 g) 
w e r e  i n f u s e d  w i t h  a m i x t u r e  of  b i o c h e m i c a l s  ( T K  so lu-  
t i o n  6) t h a t  c a u s e s  n u c l e o l a r  e n l a r g e m e n t  in t h e  l iver  4 
a n d  i n d u c e s  h e p a t i c  D N A  s y n t h e s i s  4,6. T h e  a n i m a l s  were  
t h e n  l a b e l e d  w i t h  a H - t h y m i d i n e  a n d  n u c l e o l a r  v o l u m e s  
we re  c o m p a r e d  in  r e p l i c a t i n g  a n d  n o n r e p l i c a t i n g  h e p a -  
t o c y t e  nuc le i .  I t  c a n  be  s e e n  f r o m  T a b l e  I I  t h a t  e v e n  
n o n r e p l i c a t i n g  n u c l e i  c o n t a i n e d  h y p e r t r o p h i e d  nuc l eo l i  
a l t h o u g h  e n l a r g e m e n t  w a s  m o r e  p r o n o u n c e d  in  t h e  re-  
p l i c a t i n g  n u c l e i .  

Sterility in Tsetse Flies (Glossina morsitans Westwood) Caused by Loss of Symbionts 

G. N o o o ~  ~ 

[nstitut /r dngewandte Zoologic der Universitiit Bonn, A n  der [mmenburg 1, D-53 Bonn 1 (German Federal Republic, 
BRD),  9 February 1976. 

Summary. T s e t s e  f l ies  f ed  o n  b l o o d  c o n t a i n i n g  o x y t e t r a c y c l i n e ,  s u l p h a q u i n o x a l i n e  o r  l y s o z y m e  do  n o t  r e p r o d u c e .  I t  
c o u l d  be  p r o v e d  t h a t  p r i m a r i l y  t h e  s y m b i o n t s  in  f l ies  a r e  d a m a g e d ,  w h i c h  s e c o n d a r i l y  l e a d s  t o  s t e r i l i t y .  

S ince  c e r t a i n  b a c t e r i a l  i n f e c t i o n s  c a u s e  h i g h  m o r t a l i t y  
in  t s e t s e  f l y  co lon i e s  (G. morsitans VVestw.),  w h e n ' f e d  
t h r o u g h  a r t i f i c i a l  m e m b r a n e s ,  d i f f e r e n t  a n t i b i o t i c s  we re  
a p p l i e d .  O x y t e t r a c y c l i n e  w a s  f o u n d  to  be  m o s t  e f f ec t i ve .  
H o w e v e r ,  f e c u n d i t y  of  t h e  co l on i e s  a l so  d r o p p e d  d r a s t i -  
c a l l y  2. S i m i l a r l y ,  G. austeni N e w s t .  f ed  u p o n  r a b b i t s ,  
w h o s e  d i e t  c o n t a i n e d  a c o c c i d i o s t a t ,  s u l p h a q u i n o x a l i n e  
a n d  p y r i m e t h a m i n e ,  s h o w e d  a m a r k e d  fa l i  in  f e c u n d i t y a .  

I n  b o t h  cases ,  i t  c a n  be  s u g g e s t e d  t h a t  p r i m a r i l y  t h e  
s y m b i o n t s  in  f l ies  a r e  d a m a g e d  w h i c h  s e c o n d a r i l y  l e a d s  
to  s t e r i l i t y .  T h i s  a s s u m p t i o n  is a l so  s u p p o r t e d  b y  ea r l i e r  
i n v e s t i g a t i o n s ,  w h e r e  t h e  p r o d u c t i o n  of  s y m b i o n t - f r e e  
G. morsitans w a s  a s s o c i a t e d  w i t h  loss  of  f e m a l e  f e r t i l i t y  4. 
S ince  t h e  a n t i b i o t i c s  we re  a p p l i e d  t h r o u g h  i .m .  i n j e c t i o n  
to  r a b b i t s ,  n o t h i ' n g  c o u l d  be  s a i d  a b o u t  t h e  p r e c i s e  
u p t a k e  of  a n t i b i o t i c s  b y  t h e  flies. 

To  e l u c i d a t e  t h e  p r o b l e m ,  t s e t s e  f l ies  we re  t r e a t e d  w i t h  
o x y t e t r a c y c l i n e ,  s u l p h a q u i n o x a l i n e  a n d  l y s o z y m e  in  3 
d i f f e r e n t  e x p e r i m e n t s .  T h e  s y m b i o n t s ,  l o c a t e d  in  a 
m y c e t o m e  in  t h e  a n t e r i o r  p a r t  of  t h e  m i d g u t  were  
c o n t r o l l e d  w i t h  h i s t o l o g i c a l  a n d  m i c r o b i o l o g i c a l  t e c h -  

1 I thank Dr. A. M. JORDAN, Tsetse Research Laboratory at Bristol, 
for providing hie with pupae of G. morsitans, Dr. H. WE2Z~L, 
International Atomic Energy Authority, Vienna, for providing 
antibiotictreated flies and the Gesellschaft fiir Strahlen und Um- 
weltforschung, Mtinchen, for financial support. 
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