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us to  t h i n k  t h a t  t he  of ten  descr ibed  i ron ox ida t ion  b y  
fungi  15 should  i n t e r v e n e  secondar i ly ,  in  the  subapica l ,  
m i t o c h o n d r i a l  zone of t he  h y p h a e .  The  k n o w n  close r edox  
i n t e r ac t i on  of Fe +a a n d  cys te ine  suggests  t h a t  t he  s t rong  
Fe  +~ to Fe +2 reduc ing  power  of the  h y p h a l  t ips  is reflect-  
ing less the  N A D H  p r o d u c t i o n  (revealed more  specif ical ly 
a b o v e  w i t h  t h e  P M S  tes t )  t h a n  t h e  apica l  c o n c e n t r a t i o n  
of the  su l fhydry l - r i ch  enzym es  (g lyce ra ldehyde -phospha t e  
dehydrogenase ,  hexokinase ,  ADH) .  

The  cyl indrical ,  po lar ized  ex tens ion  of the  h y p h a l  t ips  
is m a i n t a i n e d  as long as pro-g lycoly t ic  cond i t ions  such  as 
semi-anaerobios is ,  h i g h  glucose in a m m o n i u m  med ium,  
excess of a n t i o x i d a n t s  (cysteine,  d i pheny l am i ne ,  etc.) 
are m a i n t a i n e d .  C o n t r a r y  effects  such  as ox ida t ive  s ta r -  
va t ion ,  i n a c t i v a t i o n  of t he  - S H  c o m p o u n d s  ( iodoacetate ,  
H g - c o m p o u n d s ,  qu inones ,  etc.) lead to a p r e m a t u r e  dis- 
a p p e a r a n c e  of the  ap ica l  r educ ing  zone which  is ' i n v a d e d '  
b y  mi tochondr i a .  Thus ,  in Neurospora, t h e  conidiogenic  
t r a n s i t i o n  is m a r k e d  b y  a progress ive  e n l a r g e m e n t  of t he  
h y p h a l  t ip  a c c o m p a n i e d  b y  a loss of t h e  P M S  or Fe  +a re- 
duc ing  power  a n d  a genera l i za t ion  of t he  ox ida t ive  v i t a l  
s t a in ing  w i t h  n e u t r a l  red (Figure 1, d) or J a n u s  green1". 
I n  Allomyces, t h e  c lub- l ike  s tage  shows a general ized re- 
ox ida t i on  of the  m e t h y l e n e  blue  and  no r educ t ion  of 
p h e n a z i n e  mefhosu l fa te .  

W e  can  a d m i t  t h a t  glycolyt ic ,  apical  d o m i n a n c e  over  
the  ox ida t ive  a c t i v i t y  of t he  subap ica l  m i t o c h o n d r i a l  
p o p u l a t i o n  enforces and  m a i n t a i n s  an  ac rope ta l ly  reduc-  
t ive  g r a d i e n t  (t ip redox  va lue  nega t ive ,  ave rag ing  those  of 
N A D H  and  - S H ) .  Such  a r edox  g rad i en t  could p rov ide  
the  e lec t rochemica l  power  p o s t u l a t e d  b y  BARTNICKI- 
GARCIA 17, to  insure  c o n t i n u o u s  polar ized t r a n s p o r t a t i o n  
to t he  growing apex  of t he  wall  p r ecu r so r s - con ta in ing  ve- 
sicles. Conversely,  t he  progress ive  (by ageing) or p r e m a -  
t u r e l y  i nduced  (see above)  loss of the  apica l  r educ ing  
power  ( t h rough  l i f t ing of t he  g lycolyt ic  dominance) ,  
would  t h e n  lead to  a un i fo rm  d i s t r i b u t i o n  of t he  mi to -  
chondr i a l  ox ida t ive  a c t i v i t y  in  the  en la rg ing  h y p h a l  t ip .  
The  un i fo rm  ' ox ida t ive  c l ima te '  t h u s  c rea ted  would  
res t r i c t  vesicles t r a n s p o r t  and  de lay  se t t i ng  of the  wall  
(plast icized for apical  en l a rgemen t )  while  t r igger ing  t r a n s -  
c r ip t ion  of t he  sporogenic  genes in the  apica l  nuclei.  
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Past .  12dA, 443 (1973). 
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Summary. H o m i n g  e x p e r i m e n t s  on  Swiss pigeons show t h a t  the  b i rds  use oI fac tory  cues for n a v i g a t i o n a l  purposes  a n d  
t h a t  o u t w a r d  j o u r n e y  de tou r s  inf luence t he i r  in i t ia l  o r i en ta t ion .  

A few years  ago, I t a l i a n  researchers  p r e sen t ed  a new 
hypo thes i s  of p igeon homing ,  accord ing  to which  o l fac t ion  
p lays  an  i m p o r t a n t  and  specific role in t he  n a v i g a t i o n  
m e c h a n i s m  of these  b i rds  2. Th i s  hypo thes i s  has  been  
s u p p o r t e d  b y  t he  resu l t s  of a long series of e x p e r i m e n t s  
p e r f o r m e d  in T u s c a n y  a n d  in t h e  s u r r o u n d i n g  areasK I n  
add i t i on  to t he  o l fac to ry  cues  de tec ted  whi le  aloft,  
p igeons  m a y  also use those  de t ec t ed  du r ing  t he  o u t w a r d  
journey ,  whi le  t h e y  are  car r ied  to t he  release site. Indeed ,  
w h e n  2 groups  of p igeons  were car r ied  b y  d i f fe ren t  routes ,  
w i t h  the  f i rs t  p a r t  of t he  2 rou tes  be ing  v e r y  d ive rgen t ,  
each  group showed in m o s t  cases t he  t e n d e n c y  to fly in a 
d i rec t ion  which  was r ough l y  be t w een  t he  h o m e  d i rec t ion  
and  the  d i rec t ion  oppos i te  t h a t  of the  f i rs t  s egm en t  of i ts  
o u t w a r d  journey .  Moreover ,  t he  o r i e n t a t i o n  of one group  
was of ten  a t  r a n d o m ,  whereas  t h a t  of t he  o the r  was n o t  
(de tour  effect) 4. 

A m e r i c a n  a u t h o r s  conf i rmed  t h a t  e x p e r i m e n t a l  p igeons  
whose  o l fac tory  r~erves h a d  b e e n  cu t  were m u c h  poore r  
a t  h o m i n g  t h a n  t he  con t ro l  birds ,  b o t h  in t e r m s  of speeds 
a n d  of t he  n u m b e r  of b i rds  lostK However ,  t he i r  a t t e m p t  
to  r e p e a t  two o t h e r  e x p e r i m e n t s  p roduced  resu l t s  wh ich  
did no t  agree w i t h  those  of t he  I t a l i an  workersG, V. This  
fac t  gave  rise to  t he  idea  t h a t  p igeons  m a y  use d i f fe ren t  
n a v i g a t i o n a l  cues accord ing  to  t he i r  s t ra in ,  t he  region in 
wh ich  t h e y  live, or t h e  w a y  in wh ich  t h e y  are rea red  or 
t r a i ned  s. I t  is c o m m o n l y  be l ieved  t h a t  b i rds  m a y  ut i l ize 
cues some of t h e m  repe t i t ive ,  for n a v i g a t i o n a l  purposeg.  
Therefore ,  t he  poss ib i l i ty  t h a t  d i f fe ren t  s t r a ins  m a y  use 
d i f fe ren t  n a v i g a t i o n a l  cues, shou ld  be considered.  How-  

ever,  o the r  e x p l a n a t i o n s  for t he  d iscrepancies  be tween  
t he  resu l t s  of t he  two research  t e a m s  are possible.  

In  th i s  s i tua t ion ,  i t  seemed a p p r o p r i a t e  to  r epea t  3 of 
the  e x p e r i m e n t s  of the  I t a l i a n  workers ,  us ing Swiss 
pigeons.  The  f i rs t  2 e x p e r i m e n t s  h a d  a l ready  been  
r e p e a t e d  in t h e  Sta tes ,  b u t  w i t h  d i f fe ren t  results .  

Materials and methods. The  pigeons  came  f rom the  loft  
of one of us (G. W.) a t  Gr/ ichwil l  and  f rom the  Swiss 
A r m y  lof t  a t  Sand.  B o t h  local i t ies  are nea r  Berne.  The  
b i rds  were d i f fe ren t  in age and  exper ience.  The  p igeons  
for t he  2 g roups  used in t he  1st and  2nd  e x p e r i m e n t s  
were chosen  b y  lot, and  for t he  3rd e x p e r i m e n t  so t h a t  
age di f ferences  were min imized ,  e -p inene  was used in a 
m i x t u r e  of 10 ml  w i t h  50 g of pu re  vasol ine .  This  m i x t u r e  
was sp read  j u s t  before  t he  release on to  t h e  beak  of each  
e x p e r i m e n t a l  b i rd ;  pure  vaso l ine  was appl ied  to t he  
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control  birds.  All the  pigeons used in the  3rd expe r imen t  
were sub jec ted  to a sect ioning of the  r igh t  o l fac tory  
nerve  under  Equi tes in  anes thes ia  on Augus t  7 or 8, 1975. 
One nostr i l  of each of these  b i rds  (the r ight  one for t he  
controls,  the  left one for the  exper imenta ls)  was plugged 
at  the  loft  in the  a f te rnoon  before the  day  of the  release 
by  means  of a den ta l  silicon paste .  

In  all t he  exper iments ,  t he  b i rds  were  t a k e n  to  t h e  
release site in baske ts  which  let  in p l en ty  of air and some 
light. However ,  t h e y  could no t  see outside.  Test  releases 
were pe r fo rmed  at  2 sites, Birrfeld and Avully.  The area 
be tween  the  h o m e  loft  and  the  former  site was familiar  to  
the  birds,  b u t  t h e y  had  to  cross an unfamil iar  region when  
f lying home  f rom the  l a t t e r  site. Birds were released wi th  
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Fig. 1. Initial orientation in the cr experiment. A) Birds of 
the Grfiehwill loft (exp. la), B) Birds of the Sand loft (exp. lb). 
Each symbol on the periphery of the 2 circle indicates the bearing 
of I bird (circles)or of a couple of birds released and vanished to- 
gether (diamonds). Open symbols for the controls, filled for the 
experimentals. The outer arrows indicate the loft site, the direction 
and distance of which are given; the inner arrows represent the mean 
vectors, the length of which can be read using the scale in the first 
diagram. 
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Fig. 2. Initial orientation in the detour experiment. A) S-birds, 
B) N-birds. Dotted symbols refer to birds released under total over- 
cast skies, C) Map showing the routes from the loft to the release site. 
Other explanation as for Figure 1. 

the  sun ' s  disk visible, excep t  for a p a r t  of those  used in 
the  2nd exper iment .  The pigeons were tossed singly by  
hand ,  except ,  for t he  e x p e r i m e n t  l b ,  in which  10 out  of 
the  11 b i rds  of each  group were  released in couples.  
Bear ings of the  birds  released in couples and van-  
ishing toge the r  were considered,  for s ta t i s t ica l  t rea t -  
ment ,  as single points .  The mean  vec tor  for each group 
in each expe r imen t  was ca lcula ted  b y  vec tor  analysis.  
Bear ings were t e s t ed  for r andomness  by  the  Rayle igh  
t es t  and  the i r  c lus ter ing a round  the  home direct ion by  
the  V tes t  10. The 2 bear ing  sets  of each expe r imen t  were 
compared  by  the  MARDIA, WATSON and  WHEELER tes t  11. 
H o mi n g  pe r fo rmances  were compared  by  the  Mann-  
W h i t n e y  U tes t  1~. 

Results .  1st exper iment .  E x p e r i m e n t a l  bi rds  were 
released af ter  appl ica t ion  of e-pinene.  Two tes t  releases 
were made,  the  f i rs t  wi th  birds  of t he  Gr/~chwill loft 
(Exp. l a), and the  2nd wi th  birds  of the  Sand loft  
(Exp. l b ) .  

E x p e r i m e n t  l a. Augus t  9, 1975. Release site Birrfeld.  
H o m e  direct ion 233 ~ home dis tance  81 km. 12 exper i -  
menta ls ,  and 11 controls  were released, bu t  only  11 and 10 
vanish ing  poin ts  respec t ive ly  were recorded (Figure l a ) .  
Bear ing d i s t r ibu t ion  was no t  r a n d o m  b o t h  for the  experi-  
men ta l s  (z = 5.165, p < 0.01) and  for the  controls  
(z = 4.853, p < 0.01). The controls  were h o m e w a r d  
or iented  (u = 2.973, p < 0.001), whereas  the  experi-  
menta l s  were no t  (u = 0.055, p > 0.10). The difference 
be tween  the  2 sets of bear ings  was s ignif icant  (u = 10.103, 
p < 0.01). All bi rds  homed.  

E x p e r i m e n t  i b. Same da te  and  release site as in exp. la.  
H o m e  direct ion 229 ~ home dis tance  72 km. The 5 couples 
and  1 single bird which composed  each group were 
released.  Among  the  exper imenta l s ,  t he  bear ings  of 1 
couple and  of the  singly released bi rd  could no t  be 
recorded,  b u t  1 couple furnished 2 bear ings as the  birds  
flew in d i f ferent  d i rect ions  (Figure l b). Bear ing distri-  
bu t ion  was no t  r a n d o m  for the  controls  ( z -  4.791, 
p < 0.01), bu t  was for the  exper imen ta l s  (z = 1.946, 
p > 0.10). The controls  were h o m e w a r d  or iented  (u -~ 
2.774, p < 0.005), while the  exper imenta l s  were no t  
(u = --0.439, p > 0.10). The difference be tween  the  
2 sets of bear ings  was  s ignif icant  (B = 12.343, p < 0.025). 
All bi rds  homed.  

2nd exper iment .  Augus t  11, 1975. For  th is  de tour  
exper iment ,  b i rds  of the  Sand loft  were used. Release site, 
home  dis tance  and di rect ion as in exp. I b. Tile ou tward  
journey  of group N w e n t  f i rs t  t owards  the  NW, t h a t  of 
group S towards  t h e  SSE  (Figure 2c). 20 N- and 20 
S-birds  were released.  17 van i sh ing  po in t s  were recorded 
for each group. Due to  a change  in the  weather ,  a p a r t  
of each group had  to  be released under  to ta l ly  overcas t  
skies. However ,  the i r  behav iou r  was similar  to  t h a t  of 
the  birds released while the  sun was visible (Figure 2a-b) .  
The N-bi rds  were or iented no t  r a n d o m l y  (z = 11.999, 
p < 0.001) towards  the  SE, dev ia t ing  as p red ic ted  f rom 
the  home direction.  In  cont ras t ,  S-birds or iented t h e m -  
selves r a n d o m l y  (z = 1.111, p > 0.10). The difference 
be tween  the  2 sets of bear ings  was s ignif icant  (u = 
10.329, ib < 0.01). 

3rd exper iment .  2 t e s t  releases were pe r fo rmed  wi th  
the  birds  of the  Gr/ichwill loft  sub jec ted  to an uni la tera l  
sect ioning of the  o l fac tory  nerve  and  the  occlusion of one 
nostri l .  

10 ]~,. BATSCHELET, in Animal Orientation and Navigation (U.S. 
Govermnent Printing Office, Washington, D.C. 1972). 

11 K. V. MARDIA, J. R. statist. Soc. B37, 98 (1967). 
IS S. SIEGEL, Nonparametric Statistics ]or the Behavioral Sciences 

(McGraw-Hill, New York 1956). 
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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.  

Variance to Mean Ratio and the Spatial  Dis tr ibut ion  of A n i m a l s  

B .  ] ~ A N E R J  ] g E  1 

Tea t~esearch Association, Tochlai Experimental Station, Jorhat 785008 (Assam, India), I December 1975. 

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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