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E x p e r i m e n t  3a. Augus t  14, 1975. Release site, home 
di rec t ion  and  d is tance  as in exp. l a .  Bo th  groups con- 
s is ted of 13 birds,  bu t  the  van i sh ing  po in t  of 1 experi-  
men t a l  pigeon could no t  be recorded (Figure 3 a). Control  
bi rds  were or iented  no t  r a n d o m l y  (z = 3.717, p < 0.05) 
and flew home (u = 2.545, p < 0.005), whereas  the  
expe r imen ta l  bi rds  were or ien ted  a t  r a n d o m  (z - -  1.649, 
p > 0.10) and  did no t  show h o m e w a r d  tendencies  
(u = --1.347,  p > 0.10). The difference be tween  the  2 
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Fig. 3. Initial orientation and homing performances (bottom) in the 
3rd experiment. A) Test release from Birrfeld (exp. la), B) from 
Avully (exp. lb). The open symbols refer to the controls, the filled 
to the experimentals. For the birds from Avully which honied after 
3 days or more, the time of re-entry was not recorded and they were 
classified as having the same homing time (underlh~ed symbols). 
sd, birds honied the same day as released; fd, birds homed the follow- 
ing day. Other explanations as in Figure 1. 

sets of bearings was s ignif icant  (u --  6.59, p < 0.05). All 
bi rds  homed,  except  for 1 expe r imen ta l  and 1 control ;  
no differences in homing  pe r fo rmances  resul ted  (U = 
83.5, p > 0.10). 

E x p e r i m e n t  3b. Sep t ember  22, 1975. Release site 
Avully.  H o m e  direct ion 048 ~ home dis tance  140 km. 
Tge birds  were  a p a r t  of t he  group used in the  exp. 3a;  
be tween  the  2 tes ts  t h e y  had  been  released f rom Courte lary  
(28 km NW). However ,  the  r61es were inver ted ,  the  p a s t  
controls  being used as exper imen ta l s  and viceversa  
(except  for 1 bird,  which  was used as exper imenta l  in 
b o t h  releases). 10 exper imen ta l s  and  10 controls  were 
released, b u t  only 6 van ish ing  points  for each group were 
recorded (Figure 3b). As in the  previous  expe r imen t  
contro l  b i rds  were no t  o r ien ted  r a n d o m l y  (z = 4.418, 
p < 0.01) and  flew home (u = 2.708, p < 0.005), 
whereas  expe r imen ta l  b i rds  were or iented  at  r a n d o m  
(z = 1.292, p > 0.10) and  did no t  show h o mew ard  
tendencies  (u = -- 1.095, p > 0.10). However ,  the  
difference be tween  the  2 sets  of bear ing was no t  s ignif icant  
B = 7.46, p > 0.10). 5 exper imen ta l s  and  2 controls  did 
no t  home.  In  con t r a s t  w i th  the  exp. 3a, a difference in 
h o mi n g  speeds resulted,  the  expe r imen ta l  birds homing  
slower (U ~ 19.5, p < 0.025). 

The resul ts  of the  p re sen t  expe r imen t  add  fu r ther  evi- 
dence  t h a t  homing  pigeons use o l fac tory  cues for navi-  
gat ional  purposes  and  t h a t  ou tward  journey  detours  in- 
f luence the i r  initial  or ienta t ion,  In  our opinion, fu r the r  
expe r imen t s  on Amer ican  pigeons would  be appropr ia te  
to ascer ta in  w h e t h e r  p igeons  f rom o ther  s t ra ins  or 
regions ac tua l ly  use or can swi tch to  a l t e rna te  cues 
w i thou t  the  loss of accuracy.  
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Summary. Biological and s ta t i s t ica l  aspects  of the  appl ica t ion  of var iance  to mean  rat io to  describe spat ia l  d i s t r ibu t ion  
of animals  are discussed. I t  is shown t h a t  the  p a r a m e t e r  b in TAYLOR'S power law s 2 = a m~ shows intra-specif ic  var i -  
a t ion  depend ing  on the  d i s t r ibu t ion  of the  cons t i t uen t  uni ts  of the  popula t ion ,  a and  b are only  pa rame te r s  of a ve ry  
empir ical  way  of descr ibing the  re la t ion be tween  var iance  and mean,  which itself is an ind ica tor  for spat ia l  d is t r ibut ion.  
Hence,  a and  b depend  on the  d i s t r ibu t ion  behav iour  of the  animals,  and no t  vice versa.  

Var iance  (s 2) and mean  (m) are the  two s ta t i s t ica l  
p a r a m e t e r s  c o m m o n l y  used to  describe the  spat ia l  
d i s t r ibu t ion  of animals .  In  general ,  these  two pa rame te r s  
are no t  i ndependen t ,  b u t  t end  to  increase togetger .  But ,  
since a t ru ly  r a n d o m  d i s t r ibu t ion  leads to  a Poisson 
d is t r ibut ion ,  s 2 = m becomes all ind ica tor  of r a n d o m n e s s  : 
eve ry  dev ia t ion  f rom r andomness  indicates  a devia t ion  
f rom th is  re la t ionship.  TAYLOR 2,3 has  shown t h a t  the  
var iances  and  means  of the  sample  counts  can be empir i -  
cal ly re la ted  by  a power  law, such tha t ,  

S 2 ~ a m  b 

w g e n  a is t he  sampl ing  fac tor  t h a t  affects  the  var iance  
to  mean  rat io and  b is the  index  of t he  spat ia l  d i s t r ibu t ion  
charac te r i s t ic  of ti le species, a and  b do no t  appear  to 
gave  a known  d i s t r ibu t ion  funct ion,  and i t  is possible 
t h a t  b, ins tead  of being specific, m a y  show intra-sp~cific 
va r ia t ion  depend ing  on the  d i s t r ibu t ion  of the  qua l i ta t ive  
un i t s  of t he  popula t ion .  This p a p e r  discusses th is  a spec t  
w i th  reference to  t ge  d i s t r ibu t ion  of the  Iul id d ip lopod 
Trigoniulus lumbricinus (Gerst) in the  soil. 

Materials and methods, ] ) t ra i l s  abou t  the  s t u d y  area and  
sampl ing  procedures  are given elsewhere 4. 21 sets of 
samples,  each made  up of 15 uni ts  of 1 sqare  m, were 
examined .  A meta l  f rame was  used to form the  q u a d r a t  
dur ing  sampling,  and the  d ip lopod popula t ions  to a d e p t h  
of 15 cm wi th in  these q u ad ra t s  were sor ted  out  according 
to the i r  sex and deve lopmen ta l  stages. Variances and  
means  for each series were  calcula ted and these  were 
p lo t t ed  on a log • log scale. 

Results and discussions. Considered as a whole, i.e. 
w i t h o u t  any  d is t inc t ion  be tween  sexes and  deve lopmenta l  
stages, b - 1.35 (Figure A) indica tes  T. lumbricinus 
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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. 
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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 .  
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